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@ Apparatus lor otectophotoojaphie process. 

g) A developing device effects desirable development when 
tKe amount of charging of toner, q (G/g). the amount of loner 
deposited on the surface of a developing ro3er per untt area, m 
(g/cm 2 ). the speed of movement of the surface of the 
developing rotter, v (cm/sec), the available length at the 
developing roller, £ (cm), and the magnitude of elactnc 
resistance between the surface of the developing roller and a 
CNI ntfwar source for developing bias. R (H), are adjusted so as to 
< satisfy the formula, lqim £ 100/v^R, The developing device 
_ produces a developed image desirable In qua&ty and free from 
554 background fogging when the magnitude of a developing 
JS ©i**rio current. I (A), is adjusted so as to satisfy the formula, R 
£ 200/1. Further, when a charging device (53), an electrostatic 
mfs latent Image tormina device (55), a transfer device (59), a 
(M cleaning device (B1), a discharge device (63), a charging and 
CO cleaning device, and electrostatic latent Image forming and 
cleaning device, a developing and cleaning device, or a 
© discharging and oleanhig device is provided with an elastic 
. eiectroconductivB roller (21 ) composed of an elastic roller base 
P; (23) and a flexible conductor layer (25), the device Is allowed to 
1U decrease size and lower price, curb the decline of capacity due 



to protracted use, and preclude the occurrence of dispersion of 
characteristic, efficiency, or performance. 



FIG. 10 

55 




59 



FROM HARAKENZO PAT. 

.1 1 



2007* t^9B(&) 20: 24/120 :13/M§4807405341 P 64 



EP 0323252 A2 



10 



15 



20 



Description 

APPARATUS FOR ELECTROPHOTOGRAPHIC PROCESS 

This invention concerns an electrophotographic process composed of the steps of ^^j**^*' 
development, transfer, cleaning, and discharging and performed m an e ertrophoto 
Orographic system and more particularly relates to a charging device, an electrostatic latent Image tomjng 
dX^deXpIng device, atr^er device, a dear** devl« adlsoharging 9^^^±^Si 
device, an electrostatic latent image forming and cleaning device, a developing and ^^S^ytee.anda 
discharging and cleaning device which ere Inexpensive and compact end capable of producing images of high 

^The' electrophotographic process basically comprises a charging treatment to be performed on en 
ecstatic £n h£ retaining layer, a treatment tor SK £. 
charging^eatment tolght. a treatment (developing treatment) for selective *P"*» * a toneron the 
surface undergone the treatment of exposure, an operation of transfer of the toner from the artwlM 
™g paperTa treatment for cleaning the surface of the electrostatic latent image retaining by er for removal 
of residual toner, and a discharging treatment to be performed on the layer mentioned 

As cherglng device, corona charging devices and contact charging devices have been known to the ait The 
contectTh^ 

devices using an electreconductive rubber roller. 

Tta welH<nown corona charging device has found the most popular «^£^ fl ^ "^J ' 
disadvantage, however, that since ft utilizes corona discharge tor Its operation and. the refore gmsnM rto a 
large amount of products of discharging such as ozone and since these products ^ rat ( 8 J^ n t!^ 
Went image retaining layer and exert a harmful effect on the human body, these products of jnutf 
berarhovJd by the use of an ozone filter, for example. Further, since it requires as a corona voftage a fugh 
potential on the order of5KV.it inevitably entails a disadvantage that the power source device used therefor Is 

25 unduly large in size and 'm current capacity. . .. h „, . ar , H 

incontwuchcontectcr^^^^ 
roller charging devices using an electrooonductive rubber roller enjoy an advantage that they give .rise to 

su£S 

to 1 000 VThy nevertheless suffer from the f oBowing drawbacks, which prevent them from finding extensive 

30 YbSh d^'SE'Xi the role of chafing the eiectrostatic latere .retaining ^ by 
ap^nga^ 

Kewfth the brush. This brush charging devl<», no matter whetherft^^ 

L type using a rolier-Bke rotary brush, is capable of cherging the atticte "ndf/,^^,: 0 ^ 
35 aoprcSmZg to the aforementioned applied voltage (Japanese Patent Application D ,' ad09 1 ^ a ^° 
IK^J^This device, however, has a disadvantage that the brush of thej^ption given above after 
SrolSrerJi^ 

Impaired and eventually come to tilt in one direction. 

The roller-like rotary brush generally is not so susceptible to the atoramentioned jphenomenon oftiftrng of 
fibers as toe stationary brusft Since a cylindrical article having bristles implanted therein * difficult to 
Jow^r! 1 B g^iny necess^to use a pile fabric like a soiled velvet ^ffj^ 
roller. The pile fabric thus used inevitably forms a seam and this seam prevents the surface under treatment 

*CSr S dSS&o an electroconductive rubber roller effects the desired charging by applytog 
a Sage to the electioconductte rubber roller and allowing the rubber roller to come into £ mto« vvtth toe 
electrostatic latent image retaining unit and roll thereonat the ^'SZS^tSSSi n3X 
Application Disclosure SHO 58(1983)^8,960). This device, however, has a '^^^^^^^J^Z 
induce uneven charging than the brush charging device, though it can avoid the aforementioned drawbacks 
attentdant on the brush libera. . . M 

The rubber surface generally has a hlghfrictlon on the surface of the latent image retaring 
than not therefore, the spat Jdispers.cn in the magnitude of the resistance offered by the electromotive 
STroS entails une^n charging. Further, the electrc^nductlve "^roller ffj^^ 
charging because It generally exhibits high rigidity and, therefore, renders ft drffioul to produce an ample 
Sgwidth with the latent image retaining layer. There is another problem that the p « ic^ar vvWc^^s 
to me lubber surface compels toe toner to adhere to the roller surface and consequently Impairs the charging 

^J£j£Z?XL*«« by toe contact charging device as described abovel ^M"du» 
impairment of image qualriy. With toe conventional contact charging device, therefore, it has been difficult to 

.*£ SS cCSgS described above has been In popuiar use to date as an Jc^torJ 
image forming devtae It is disadvantageous, however, in respect that it entails generation of ozone and 

requires use of a high-voltage power source. , j j . =v -. m nta il\ * *»wce for 

There are other electrostatic latent Image forming devices such as. tor example, (A) a device for 
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•electrophotographic recording using no corona discharging means' (NTT) and (B) a dew*, for a new 
electrophotographic process that does not use corona charging* (Fujitsu). ■ 

Svto oUA) enables the steps of cleaning, charging, exposure and development w be Redout 
sub^^lmuteneously wtthout use of corona discharge «««SJSf2S2S ' iSK * 
lends Itself to a reduction tn the size of the electrophotographic apparatus. Since refies ro to 

cSinVof the toner or the sensitive material on the tajeotionrfj a P°^» f ^f^'^^S 
3s use of an electroconductive toner. Incidentally no practicable method tasjnt been devefc^edtor 
of eleotroconductlve toner to be transferred onto plan mm. Thus Ws de^ce^ 
^vantage that it necessitates use of a special paper developed exclusively for ttns transfer Further su^oe 
ttiedevetopment needs magnetism, the device is required to use a magnetic toner. This fact entails * w 
disadvantage that this device cannot be easily adapted for production of color images. 
* S« d (B] has an advantage that it enables the steps of cleaning, charging, exposure and 
development to be carried out substantially simultaneously, permits a reduction in ste of ttie 
electrophotographic apparatus, and allovvs.easy.transfer.of an image of toner onto < RUnM»r. H» !*J» 
mSwtha development to be performed m two separate steps and these two steps to be earned out at 15 
XS £ same place and time and. therefore, requires to have construction |«rA^^ 
SpfiSoftvvo different voltages to the developing roller, as the developer, terefore, this device requires 

meunefic toner {and does no! suit the "e^omponerrt f£vmrt -g^- 
another disadvantage that it uses a magnetic toner and cannot be eas.ly adapted to permit production of color ^ 

'"St another means for the formation of an electrostatic latent image, the technique dteclosed in Japanese • 
PaVeTApXeoSosure SHO 56(1981)-11 1.858 may be mentioned. To be specific. «* teennque uses a 
SlnK 

dESSZ ^opaque electrode 3, and asolltary conductor 4 on a transparent support 5. When a votege. V* 

s Sleeted from the transparent support 5 side, the resistance of the photoconduetor 1 between the 
'!J3ESl£2i ar/the soCconductor 4 is varied and the resistance of 
between the opaque electrode 3 and the solitary conductor 4 is not vaned and the potential on the solitary 
SSotor4 isCed. As the result, an electrostatic latent image is formed on en Insulating layer 7 wrth the 
*slitary conductor 4 as an electrostatic recording electrode. 

ThVreTOrdlng head 6. therefore, has an equivalent circuit as illustrated m Fig. 2. The potential, Vo. of the 
solitary conductor 4 is expressed by the following formula. 



Va 



R 1 + R 2 



♦ Va = 



/ R 2 ♦ 1 



40 



The electrostatic latent image to be formed on the Insulating layer? can be developed with a toner and 
transferred bv the conventional technique onto a plain paper. 

flfcSardna system is disadvantageous In respect mat the insulating iey« r la p°s*c« 
J^tlTX^ ^S safe contart between the solitary electrode «^ , layer 7 

berausethe solrtarVelectrode is not easily endowed with the AexibBfty of rubber the recoj^nghead^ 
Srel to pc2^durSnlgh enough end yet Incapable of bringing about any adverse effect^ ttie soft 
KaSg to? 7^^rtcannot be constructed in the shape of a roller fit for rotebon and .therefor^ Is 
SSSXSSi at one and the same posilion. andthe appOedvoltoge, Va, naotwry £ 
WaKan any other charging system because the potential Vo Is obtained by dMding the applied voltage^ 

MnS 

eotehrtfa nonmagnetic toner on the surface of a toner carrier possessing etashcrty, elec^ondurtrvrtyj »nd 
"3 irtS ^o bringing this toner layer Into contact with an electrostatic ^ ™ to «uch » ~ a* 
toTduceno relative rnollon has been known to the art (U.S. Patent No 3 754^68 and 3.731 146 and 
l^ PaTent Publication SHO 51 (1976^86,670- and SHO 52(1977)^6.414). This device I ^""V^" 
such aTsimpntlcation of apparatus an easy adaptation of apparatus for production of cotor "magea^The 
fn^ntora f Smart oonoucted on the apparatus a* disclosed has revealed that tt» developing device has 

the tac^^m^ characte ristic of the aforementioned method of development by an W^"™' » 
JiMtedS^thatttetonarl^ 

in such a manner aa to produce substantially, no-retativ* P erirJheral^brity:Tf»res^ofthee^mW 
5Sfttl?*rSvalS5 image obtained under the conditions mention*, above ^lacte 
Ssvonspicuouss P ignsof^^ „ 
to^Sr the developed Image is very sharp, free from background fogging, uniform, and high » dens,ty 65 
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because the toner partidee are rolled and slid at the position of contact bet^the tonar and the 
latent Image to a point where lha toner particles contribute to accelerating the charging andtrlmmrng the 

'"Swum the method of development by application of voltage is canted out, a cumart (hereinafter 
reK toaT'devToping current-) flows through the electric circuit extending fromthe toner carrier o 
Sapowar sourte for bias of development because the charged toner particles on *e tonercamer are 
SnK^thTlSefit image surface. The magnitude of the resistance of the surface d Mta . toner 
or that of the reatetancf between the toner carrier surface and ^T^^JTJ 
devalopment must be kept from exceeding a prescribed level In the prior patent publicans cited above, 

virtually no Idea is disctosadforthe solution of this point . _ 

(3) Since the developing current mentioned above Is caused mainly by the movement ofi loner particles, 
it depends on the extent of toner charging, the amount of the toner deposited on the latent .mage, the 
velocfly of the movement of the toner carrier, surface, the size otfte toner earner, tor example The 
potential on the toner carrier surface or the magnitude of working bias of development » varfedby the 
rotation of these factors with the aforementioned magnitude of resistance, poss^yto such ^extent that 
the produced Image betrays very poor quality as evinced by conspicuous signs of fogging and insufficient 

nSSa 11) of the problematic points described above, it is disclosed In Japanese Patent Publlcatton SHO 
eoKS and Japanese PatentAppBcatlon Disclosure SHO 53(1 9781-23.838, for example, that the image 
20 quality is improved by moving the toner carrier faster than the dectrostata (torn Image 

Regarding the point (2). various proposals have been made as to the preferred range of the magnttode of 
voSnTreeietanJ- on the surface of the toner carrier. To be specific use of a toner car^tevrng an 
electroGonducttvltv of no more than 10S£l.cm is recommended In Japanese Patent Pubbcatton SHO 

SHO 62(1987)-35,097. and use of one approximating to 10«n-cm in electrooonductlvlty .n Japanese Patent 

^tcUhal^fpSS'Sge ol the magnitude of resistance varies frorn ^dTthe 
shown above implies that the proper conditions are varied by the several factors Indicated In the 
Snentioned point (3). It Is. therefore, difficult to obtain an irnage of good qu^ 

discharge devlceXugh this device entails such drawbacks as generation of ozone and necessity of a 

^iSceS overcomes these drawbacks has been disclosed In Japanese f*n£g^ 
Disclosure SHO 54(1979)-19.75u. for example. Specifically, this transfer d*nce ^f 3 ™*^^™™ 
which comprisesTpartlany excised electrostatic latent image retaining roB and a conduttor sheet stretched 

corTctor sheet and the electrostatic latent Image retaining layer. In thte case, however, tite contact^ width 
Sfn me transfer r^attd the electrostatic fatent^ 
hightiansfereffldency^^ 

and the electrostatic latent image retaining layer is weak There arises a possibility that the conductor sheet 
warns eo much as to Induce poor contact and result in partial loss of transfer. 
Tt^sfe TeZ using a bias roller made of elecrtroconductive rubber has been known to the at asa 
comtTt Inexpensive version of the electrostatic transfer device. It has the f oBowmg drawback^ For the 
nS as the material for the bias roller to be sufficiently electroconductive. rt lncorporet^ herein an 
Seductive substance such as eleofroconductive carbon end ^'^T"VtZCm)Seet 
dearees) so much as to render it difficult to produce the minimum contact width (no less than 2 mm) between 
S roBeVand the electrostatic latent Image layer retaining layer required forttepurpose of airing 
SilZhr efficiency and producing a uniform transfer Image or suffer the pressure 
roller and the electrostatic latent image retaining layer to Increase to an unduly h gh level. ^«^™ 
device tallsto effect perfect transfer of an Image of high density or produces an image containing a nosing 
part at the center (phenomenon of central miaaing). When the electroconductJve rubber ^sed for the bias 
Ster is has a soft constitution, there ensures a disadvantage that the plasticteer contained m the rubber 
m£Z toffie rubber surface, causes the toner to adhere to the roller surface, and consequently impairs the 
operational efficiency of the transfer device. .j,,.,.^*.™*. 

The cleaning device which has been in popular use to ate Is adapted to remove the residual toner ^from tile 
electrostatic latent image retaining layer by pressing the edge of a blade made of P<¥*^»* ^ £ 
example, against the aforementioned layer and causing the blade to scrape the toneroffth £yv«*J». ™ 
use of the rubber blade of this nature, however, is liable to increase the force of friction exerted on the 
electrostatic latent Image retaining layer and necessitate an addition to the driving force £9^™™ 
operation of the deanir?, device. The rubber edge tends to irrfl ot a scar ™»*^«*^*Z^ 
latent image retaining layer. If the rubber blade sustains any injury, it is no longer useful for the purpose of 

0k rTlhe solution of these drawbacks, there has been developed a cleaning device adapted to give the 
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SU ^? ".^^i^dSSSSSSto.* be approximated to the chafing part without entailing leakage 
^Si oJSX S -not be applied to anythmg other than a 

^Z^STdevic. using an ele^conducdve brush has been k^to** .rt- * „ 
is freefrom the drawbacks mentioned above. This device discharges tt» e ^cbw«SeWert ^ 
teyer by grounding or applying a prescribed voltage to a brush made of .t ed f°^^^ s r ^^^ 
STbraJhte rub the surface of the electroconductive latent image retaining layer, ita ; devices comes In two 
Sis one C ush senary brush and the other type using a roUer-Jke rotary brush, I^entalfy the 
K'nTbX S ! ISvanteJe that it entails the phenomenon of tilted fibars as ment^ed above and the 
rSSSSSdV^tage that U permits no appreciable reduction in coat as compared wrth the 15 

J^X^ZS^^S in actual use because of the advantage that It e£cte the 

"S^Hn-finn tvoe device which simultaneously cleans a charging member (electrostatic latent image 
^^SfiK^^»To«»ing the ^mentioned rotler-IIke rotary brush to rub the chargmg 
2SJJ1S voltage to the brush has been also known to the art (Japanese 

V* a^PP . ^ ti of fftg apparatus and allows an addition to the service life of the 25 

H JI uermit a further reduction in cost and produces uneven discharging. 

deXiK^aTSS deScSe^CS. a discharging device, a chai^^lng d^an 
SScSem image formtngoleaning device, a developing-cleaning dev«ce. end a dschargmg-cleaning 

objert o* ^^rdevka a cleaning device a discharging device, a charging-dean^g device, an 

^SV^A an efecbostatic late* « * 
d££^taSta Tdevf«^Sfer device, a claanlng davlce. a discharge device, a «^ng 
j£ a SSdeaning device, and a discharging device v*k* enjoy a ^^^f * 
J^SgM d^I» of optional efficiency after a protracted service, and preclude the occurrence of 

J 3E& C SS SttSSSfr*** * Charging **j an 5S£S * 

d^ aTeveloping ^vlce, a transfer device, a cleaning device, a discharging da«ce ^g"^ 1 ^ 
££ wrtSSlrto latent image forming-cleaning device, a daveloping-deanlng device, and a 
discharglng-deanlng device which permit common use of component pans. ■ nroducino an 

Still another object of this invention is to provide a developing device which is capable of producing an 
image sharp, free from background fogging, uniform, and high Indensity. ******** latent 

t£ firatraet of this Invention concerns a developing device for vaibly developing an. elechos^btert 
imS :ST& *5S latent image retaining *yer by fomUng , a JJtoner 
oner carrier hold under application of a developing bias voltage and causmg the '^^^T: 2! 
Sfc latent image retaining layer, which developing device is characterized br the fart that the 
1S2SS of toner Zkn, q (C/g). the amount of the toner deposited per unit area of the toner carrier 
St £5? S^ctt^of thYmovemem of the toner carrier surface, v (cm/sec), the «^ J«W* 
ST and the magnitude of electric resistance between the toner earner surface andthe 
tl^Z!^^*^ bias voltage, R <fl), are so adjusted as to satisfy the foI.ow.ng 
conditional formula: &) 
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means for the application of the developing bias voltage, R {&). are adjusted so as to fulfil the following 
conditional formula: 

R flX developing device of the present invention will be described below with referee to Fig. 3 and 

" Fig*' 3 is a partial crow section tor illustration of the operation of the developing device. A Ml l«Jw 
(toner carrierTa is an electroconductive roller having en etectroconduebve elastomer layer 10 forme don the 
£5£* a mete* Tsnaft 9. On the surface, of this developing roller 8. a toner toyer 4 of an msutejng 
noV-magnetlc toner 12. tor example. Is formed. When the toner layer UlsFfsed into 

X %£2S£ latent Image retaining roll 11 beet to clockwise .rotation end the de^ng 
roUerStoo^unterolockwise rotation, ihedectrio ^^^^^J^^^fSSS^B 
latent image retaining layer 13 and a developing bias power source tISSSS M 
cooperate generate a developing electric field and consequent effect ^*i»fS|| 
onto the surface of the electrostatic latent image retaining layer 13. It is presumed her that 
latent Imago retaining layer 13 is of a type far negative charging ^ the ton^ f ^eryone 
tobodectrffication to a negative polarity advance by friction against a blade jne* shovvn MJjLSJ Sr 
developing roller 8. the developing bias dlrect^irert power source 15 Is * » 

17 a negative votege Is applied to the developing roller 8 so that the toner 12 wW adhere to the area devoid of 
SmrfSc charge of latent Image on the surface of the electrostatic latent .mage retaining lays 13 

totS the surface potent^ has been nullified on exposure to light by exposure means (not 
shown) (i.e. so as to attain reversal development). 

first the devdoping current to be generated when the development Is obtained solely In black .throughout 
the entire surfacewiil be considered, it is assumed that q stands ^l^^^J^^f 
for the amount ot the toner deposited per unit area of the surface of the developing roBer 8 .v for the 
velodtyTthe moment of the surface 

developing roller 8. i.e. the length contributing to the development of a latent onage (cm), and R forme 

Se (ft) The maximum amount of the tonor to be transferred from the developing rol er 8 to the 
Z£ .atent .nags retalntog layer 13 per second is v i m (g/sec.) The ^JoWyJ^ 
which Is transferred per second, therefore. Is expressed as qv * m (A). As the result, there is utoucea an 
S «?rom M [- 5 / m(A) in the direction from the developing roller 8 to the developing bias powe 
tSSSSi ii electric rUtor 17 of a magnitude of R in) happens to intervene between the 'urfeoe °f 
toe developing roller 8 and the developing bias power source 1S, the electric eurrert gwes nse to a potent^ 
drHer^m between the opposite terminals of the electric resistor .17. with the result that the potential on the 

'SKXXas a magnitude differed from that of toe outp^ 
™wer source Ts. This fact means that an. image of high quality is not easily urte^fte 
p^ers.q.v>.m.andR^ 

latem image retaining layer 13 and the toner layer 14 are depicted by a reactor R, and a ^I^rt19 
Svtog an electrostatic^paclty C. The magnitude of the urestetance ^^^f^^fS? 
rofter 8 and the metallic shaft 9 is denoted by Ra and that of the res^ce of the Is 
The potential on the surface of the developing roller 8. namely the effective d^l°P ta 9 ™^9f> '! 
SrLed by the potential at the point Pin the diagram. Slncethe &tt1££^M?&M 
and the point Q in the diagram increase in proportion as the magnitude of V intftMWjttJte poteng 
difference between the surface of the developing rollers and that of the « le f^£*S r ^S 
layer 13 decreases end the amount of the toner to be transferred to the ^ c ^^^ ent ^ Bn X n T ^ 
5S ,3 decrease The image to be produced, therefore, has poor quality ^ u X^ ^ me aSoSe 
aforementioned insufficiency of the density of the produced Image , may ^^iJJJJ Jjj* 
valueof the output votegeof the developing bias power source 15 at a slightly Hgr^teveleno^hto^e up 
fTt^oedin"of the potential difference between the developing roller 8 and the surface ofthe electrostarJo 
Sen?.rSg^ 

ZISSSSm to be deposited on the electrostatic latent image reding «^*J~£2 
the developing electric current. | q I vim, Is consequently decreased and ^P^*JSf*- eS 
the points P and Q is lowered. The Increase which occurs consequently In the magnitude of the effective 
deveiooina bias entails excessive development and background fogging. ^.««:u te 
Td^clopfng devL of the present Invention is adapted to confine within a nanw mr^e , *e poss ble 
variation in the pLm of latent image by keeping the P^^^Ji '/^^^d^i 
and Q betow 100 V. Without reference to the pattern of the latent imag* therefore, - 
this invention effects the development advantageously with no sacrifice of the resolving power due to 
background fogging, decline of density, or exoesswe development .. . -, h 

Further, a wtrclly white latent image In the reversal development correspond* ; to an area °J the surfaced the 
electrostatic laten^^ 

been exposed to HghtThe output vottage of the developing bas pom source 15 is ^^^^tTcSroed 
a smaller absolute value than the latent image potential just mentioned so as to prevent the negatwety charged 
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toner 7 from b*g transferred onto the afcK^ostatfc *e* in Ws^thsmfore, the 

current I shown .n Fig. 3 and Fig. 4 The resistance. ^f^ a "™ ™* » rf ^ 

developing bias power source 15 gives rise toe potential difference TO and l ant , 0 

-f ^r^ntPot Ra 4 rises In the direction of appealing to the surface potential of the electrostatic latent w 
tSSSi & ^^iS^Tthe^errtia. brings about a decline of the polen&l^fer^e 
MntTSX* the electrostatic latent Image retaining layer 13 and the surface of the dcvelop-ng 

^STTSS above, enables the developing condlflons "c^f* the P^f ^ 

By this tr ^^ l ^ n li r rioua irnDOf tant parameters and. therefore, is fuUy fit for practical use. 
comprehensively T ^'^^J^rZI^^l developing device which uses a non-magnetic 

^ZScTor aCgneSS. ofi£ M lr££ 1« Its effect conspic^usly where 
ZSEStEZ a SSSSZ rooer made of meta. and resin, for example, la used as the toner 



carrier, . k ^0-:^ to fulfil the various conditions indicated below.. 

Ti^SSL «« and « «M M Imq. k 
ba in the range of 0.1 mm to 2.0 mm. 

*L vr stand for the .peed of movement of the toner carrier surface, Ve for the speed of movement ofl the 
JSmmiS^ retaining layer surface, m forthe density of adhesion ot the ^^ ft to ^fr2 

SesurL (mg/om*). and M for the amount of toner to be suppfed to the unit 
Sent image caning layer surface through contact with the toner earner (mg/cm*), arid the following reianon 
will be established between M and m. 
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Vr 

M « * m (1 ) 

Ve 



If the toner carrier Is moved at a speed twice that of the electrostatic latent image retaining layer, for 
example, the toner layer formed with one half the amount of the toner layer required where the movement is 
w made at an equal speed will suffice. 

When the toner layer is formed by the use of such a regulating member as a toner distributing blade, the 
toner particles are charged by the friction between the blade and the toner carrier. To ensure this charging of 
the toner, the thickness of the toner layer (or the amount of the toner deposited) Is desired to be decreased to 
the fullest possible extent This is because the uncharged toner particles, namely those toner particles which 
15 pass under the toner distributing blade without contacting either me toner carrier or the toner distributing 
blade, are suffered to mingle Into the toner layer and adhere to the non-image part and eventually induce the 
phenomenon of background fogging when the toner layer has a large thickness. 

The formula (I) indicates that when the speed of the toner carrier surface is Increased, the toner layer of a 
small thickness suffices for producing a developed image of high density and, at tho same time, curbing the 
20 occurrence of background fogging. Further, the produced image enjoys uniformity of density and sharpness 
of delineation. 

When a difference of speed exists between the surface of the toner carrier and that of the . electrostatic 
latent image retaining layer, the ununiformity of the toner layer is not directly betrayed in the produced image 
because the two surfaces rub against each other at the position of development. Particularly when the speed 

25 of movement of the surface of the toner carrier is higher, the ununlform image once deposited on the 
electrostatic latent image retaining member at the stage preceding the position of development is unif ormlzed 
by the subsequent portion of the toner layer. Further, during the course of the friction produced as described 
above, those toner particles which are present between the toner carrier and the electrostatic latent image 
retaining layer produce a rolling motion and a slipping motion and bring about an effect of gathering toner 

30 particles toward the Image part. The produced Image, therefore, enjoys notably improved sharpness as 
compared with the image produced when the relative speed of the toner carrier and the electrostatic latent 
Image retaining layer is zero. ... 

8y the well-known magnetic brush developing method, no sharp image can be obtained when the relative 
speed between the developer layer and the electrostatic latent image retaining layer is zero. It is widely known 

35 that the magnetic brush is not allowed to manifest its sweeping effect (the effect of the magnetic brush in 
improving the sharpness of the image by sweeping the surface of the latent image and gathering toner 
particles toward the image part) unless the difference of speed mentioned above is imparted. The same 
phenomenon as this takes place in the present invention. 
Now, the charging device, the electrostatic latent image forming device! the transfer device, the cleaning 

40 device, the discharging device, the charging and cleaning device, the electrostatic latent image forming and 
cleaning device, the developing and cleaning device, and the discharging and cleaning device will be described 
below. , 

These devices are characterized by being provided with an elastic electroconductlve roller which compnses 
an elastic roller base and a flexible electroconductfve layer formed on the periphery of the roller base. 

45 These devices are desired to futfil the following conditions. 



1. Material 

1} For the cleaning device and a combination device fulfilling the function of a cleaning device 
so The material for the surface of the elastic eJectroconductive roller is desired to be chargeable to a polarity 
opposite to that of the toner. It is particularly desired to be separated far from the materia] of the toner In the 
triboelectrio series. 

in the case of the cleaning device, when it is used for electrically cleaning the electrostatic latent image 
retaining layer for removal of residual toner from the layer, it is incapable of effecting the cleaning in the 
55 presence of a toner not charged normally, viz, the so-called reversed-polarity toner or an uncharged toner. 
When the elastic electroconductlve roller contemplated by the present invention is used, the residual toner 
can be normally charged and the cleaning can be carried out because this elastic electroconductlve roller ts 
edapted to be rubbed against the electrostatic latent image and consequently enabled to exert a voltage on 
- the layer. 
60 

2) For the transfer device 

To fit the transfer device, the roller base Is made of a foaming soft materia!, particularly a soft polyurBthane 
foam possessing a regldlty (to be determined In accordance with Japanese industrial standard (JIS) K-6401 ; 
the detail of Which will be described afterward) of no more than 100 kgf. 

65 
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2L Magnitude ot electric resistance of elwtioconductivo layer 

1 ) For the charging device, the electrostatic talent image forming device, the transfer device, the cleaning 
devtee, the discharging device, and a combination device fuififing the function of such device 

The magnitude of the nlactric resistance of the electrocanductive layer is desired to be in the range of 10* to 

1 °These devices are caused to contact the electrostatic latent image retaining layer and, at the same time, 
apply a voltage to the elastic electroconductive rofler. These devices except for the transfer device are desired 
to produce a relative speed and rub against the electrostatic latent Image retaining layer. If the magnitude of 10 
electric resistance Is less than 1G*ft • cm, there ensures a dlsaxrvartfage the electrostatic latent Image retaining 
layer suffers from discharge breakdown or decline of potential due to bias leak. 

The transfer device, like any of the other devices. Is desired to Mitfhe conditions mentioned above because 
the electrostatic latent image retaining layer and the elastic etectroconductive roller sometimes come into 
mutual contact, while at the other times they arc separated from each other by a transfer material (paper, for 1$ 
example) to be inserted therebetween. 

If the magnitude of electric resistance exceeds 10^- cm. the charging device Is virtually inoapable of 
effecting the charging, the uncharging device is incapable of providing the expected discharging, the transfer 
device and the cleaning device fail to acquire sufficient potential and suffer from diminished efficiency. 

When the electrostatic latent image retaining layer is electrically Strong and quite free from fault, use of a 2D 
conductor layer possessing a magnitude of electric resistance less than 10 6 fl.cm is tolerated H is also 
desirable to have a protective resistor disposed between the power source and the elastic electroconductive 
roller, 

3. Width of contact with electrostatic latent image retaining layer 25 

1) Per the charging device, the electrostatic latent frnage forming device, the cleaning device, the discharging 
device and combination devices thereof 

Tne width of contact between the electrostatic latent image retaining layer and the elastic electroconductive 
roller is desired to be in the range of O.a to 8.0 mm. 

If the width of contact is less than 0.3 mm, there arises a disadvantage that the contact Induocs uneven 
charging, uneven discharging, and insufficient cleaning. Conversely, ff this width exceeds 8.0 mm, the torque 
of rotation of the elastic electroconductive roller increases to an extent undesirable from the practical point of 
view. 

4 Peripheral speed of rotation 

1) For the charging device, the electrostatic latent Image forming device, the discharging device, and 
combination devices thereof. * 

The peripheral speed cf rotation of the elastic electroconductive roller is desired to be higher than that of the 
etectrostatic latent Image retaining layer. 

Indeed relatively uniform charging is attained even when the peripheral speed of rotation is lower than that o 
the electrostatic latent image retaining layer. The uniformity of charging, however, increases In proportion as 
the rotational speed of the elastic electroconductive roller increases above the peripheral speed of rotation of 
the electrostatic latent image retaining layer. Thus, It is desiraUe to set the peripheral epaod of rotation of the 
elastic electroconductive roller at a level higher than that of the electrostatic latent image retaining layer. This 
difference is desired to be no less than 30 rnrn/s, _ 

Optionally, the elastic electroconductive roller and the etectrostatic latent image retaining layer ma be 
rotated In mutually opposite directions so as to impart a desired difference of peripheral speed. 

2) For the cleaning device and a combination device fulfiflng the function thereof 
The peripheral speed of rotation of the elastic electroconductive roller is desired to be higher than that of the 

electrostatic latent Image retaining layer. The difference of peripheral speed is desired to be no less than 40 

m ^described above, the cleaning device is affected by the polarity of charging of the toner. If no difference 
of peripheral speed exists between the electrostatic latent image retaining layer and the elastic 
electroconductive roller, the uncharged toner and the ravarse-poJarlty toner cannot be easily charged 
normally in the case of the cleaning device, since the electrostatic latent image retaining layer is In a charged 
state before the discharging and the charging occurs in an unsteady manner, the difference of penpheral 
r— -■ ; m . ,-rrrH is desired to be no lass than 40 mm/s. (General*, the electrostatic latent Intake retaining layer bef ore 
the charging processhas a potential appmrirnatingd^ 
Optionally, they may be rotated in opposite directions to. impart * desired difference of peripheral speed. 
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5. Surface 

1) For the charing device, the electrostatic latent image forming device, the discharging device, and 
combination devices thereof. . _ to . 

5 The surface roughness of the elastic electroconductrve roller is desired to be no more than 3 ^mRz (averaga 
roughness of point 10 by JIS scale). If the surface roughness exceeds this level, there arises a disadvantage 
that thB roller produces uneven charging. The average value of pitch of concaves and convexes m surface is 
desired to be no more than 10 |im. 

10 6. Contact pressure of transfer material 

1) ^q^^^^^^^ the transfer materia] and the toner image formed on the Image carrier is 
desired to be no more than 300 g/cm*. 

is Now. the elastic electroconductive roller to be used in each of the devices of the present invention wlB be 
described below. 4 , s . 

Fig 5 is a partially cutaway perspective view somatically aiustrating the construction of an elastic 
elecfroconductive roller 21. The elastic electroconductive roller 21 comprises a metallic shaft 9, a roller base 
23 and a conductor layer 25 tightly superposed sequentially outwardly in the order ™nboned. 

20 in one example of the elastic electroconductive roller, the roller base is what Is obtained by adhesion of a 
soft potyurethane foam, rubber sponge, or polyurethane rubber comalning 30 to 100 cells/25 mm and the 
conductor layer is what is obtained by coating the outer surface of a seamless tube of polyester, P^yethyiene, 
or polyethylene terephthalate with a polyester resin vested with electroconductmty by havrng electroconduc- 
tive carbon dispersed therein, what le obtained by having electroconductive carbon dispersed In the 

25 aforementioned seamless tube, or what is obtained by coating the outer surface of the seamless with- a 
vacuum deposited layer of a aluminum or a metallic plating layer. . . , +W(( 

The elastic electroconductive roller can be obtained by Inserting the roller base In the seamless rube. In this 
case, when the roller base to be used possesses a high surface friction coefficient and it has an outside 
diameter equal to or larger than the inside diameter of the seamless tube J he Jf^f** 0 ^ 

30 27 can be produced easily without requiring use of any adhesive agent In the interface. When a Germany 
shrinking tube having an inside diameter larger than the outside diameter of the roller base is used, it can be 
caused easily by a heat treatment to adhere fast to the surface of the roller base. TTius, the elastic 
QiectroconducTtve roller can be obtained more easily. b 
The electroconductive roller 27 constructed as described above is Illustrated m Rg. 5. 

35 In this elastic electroconductive roller 27, the roller base 20 is a polyurethane type micro-cell foam ayer 
(produced by Inoue MTP KX and marketed under trademark designation of "ENDUR") and a conductor layer 
31 is a seamless polyester tube 35 having a thickness of 200 jim and coated with an electroconductive 
polyester 33 film 100 tun in thickness. . . 

The conductor layer 31 Is formed by immersing a seamless polyester tube 35 in a solution composed of 

40 polyester resin, efeotroconductive carbon, «>d a solvent. , ... . 

The seamless polyester tube 35 has an inside diameter of 20 mm. By haying a roller base a of an outelde 
diameter of 20.5 mm Inserted into the seamless polyester tube, the elastic electroconductive roBer 37 is 

" Whenlne roller base is made of a very soft materiel such as soft polyurethane fearri or when 
45 tube and the roller base are used under conditions hareh to the mutual slip between them, ft is desirable to join 
them through the medium of adhesive agent Their union can be effectively achieved by applying a ttusmd* 
fusible adhesive agent to the inner surface of the seamless tube and the outer surface of the roller base 
allowing the applied layers of the adhesive agent to solidify, then inserting the rubber base into the seamless 
tube, and thereafter giving the resultant composite a heat treatment 
50 An elastic electroconductive roller 37 constructed as described above is illustrated m Fig. 7. 

the elastic electroconductive roller 37 is obtained by fastening the conductor layer 31 to the penpheral surface 
of a roller base 39 through the agency of an adhesive agent 41 . The roller base 39 is made of electroconductive 
silicone rubber and the conductor layer 31 Is made of the same material as the elastic electroconductive roller 

27 

55 The elastic electroconductive roller 37 is obtained by applying electroconductive adhesive agent 41 on the 
roller base 39, solidifying the applied layer of me adhesive agent extrusion molding the conductor layer 31 on 
the solidified adhesive agent and subsequently fusing the conductor (ayer 31 and the adhesive agent 41 by a 
heat treatment. It Is otherwise obtained by forming the conductor layer 31 by extrusion molding, for example, 
inserting the roller base 39 inside the conductor layer 31. and joining them through the medium of the 
60 electroconductive adhesive agent 41. . 
The elastic electroconductive roller contemplated by this invention may be produced by coating the 

.j. i . ,.v„ _i_~ai» AAefa +firrti inH imrrMfcrslftn or DV 



6$ 



aforementioned foam with an electroconductive liquid plastic or emusion paste through immersion or by 
platinq the foam with an electroconductive material. The foam used In this case may possess a compact 
texture but must not deprive the elastic electroconductive roller of Its elasticity as a whote j^e^ ^"urfece 
of the foam must possess electroconductivity and Is desired, when permissible, to have electrical continuity to 
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the shaft 

This elastic electroconductive roller is produced by preparing a foam, stripping the foam of cell membranes 
as with a solvent, and subsequently subjecting the denuded foam to a treatment tor Importation of 
electrooonductivfty. The elasiin electroconductive roller as produced has an irregular surface. Jt can be used 
for the cleaning device. For the other devices, however, ft connot be used because ft has the possibly of s 
imparting the quality of Images to be obtained. For the elastic eJectroconductive roller to be effectively used for 
the other devices, It must have the surface thereof smooihened prior to use. 

The smoothenlng of the surface Is attained, for example, by coating the foam surface with an elastomer and 
subjecting the coated foam to a treatment for impartation of electrocanductMty, by coating the foam surface 
with an electraconductrve elastomer, by subjecting the foam to a treatment for Impartation of 10 
eJectroconductfvlty and coaling the resultant foam with an electroconductive elastomer, or by preparing a 
foam of electroconductive material, coating the foam with an electmconducfive elastomer, and further coating 
the surface of the applied layer of the electro conductive elastomer writ) an elastomer (elastic high molecular 
matenal). Otherwiser the smoothenlng of the surface may be attained bypiacing the foam on a heated plate 
and malting the surface thereof with the heat and allowing the molten surface to smoothen owing to intimate 15 
contact with the flat surface of the hot plate or by rolling the foam on a heated plate and allowing the surface of 
the foam to melt and smoothen in the same manner as described above. It is permissible to attain the 
smoothening of the surface by coating the foam with an elastomer and subsequently grinding the appDed layer 
of the elastomer. 

In yet another construction, ihe elastic electrocondutive roller has at least on the peripheral surface thereof 20 
a conductor layer formed mainly of polyurethane resin and exhibiting an electric resistance of no more than 
1 0 1 £ £2 - cm and, on the inside of the conductor layer, an elastic roller base made of oiiproof rubber possessing 
a rigidKy of no more than 40 degrees, preferably no more than 35 degrees, as measured with a hardness meter. 
Type A, specified in Japanese Industrial Standard (J1S) K6301 and an electric resistance of no more than 
10 1 °n-cm. 25 

As the oilprrof rubber mentioned above, NBR (butadieneacrytonftrfflle rubber) or Neoprene (chioroprene 
rubber) Is suitably used. This rubber inherently possesses an electric resistance In the neighborhood of 
10 10 Q-cm and, therefore, can be used In Its unmodified form. Optionally, this rubber may have the electric 
resistance further lowered by Incorporation therein of such an electroconductivlty-imparting agent as 
electroconductive carbon. 30 

An elastic electroconductive roller 43 constructed as described above is Blustrated in Fig. 8. 

In elastic electroconductive roller 43. a roller base 45 has an outside diameter of 20.0 mm and is made of 
NBR rubber and a conductor layer 47 is made of polyurethane resin having a fine electroconductive carbon 
powder dispersed therein. 

The conductor layer 47 Is formed as applied on the surface of NBR rubber by the following procedure. A 35 
prtetary product of Nlppon-Mlractran K.K. marketed under product code of "DH20Z313" Is used as the 
electroconductive polyurethane coating material It Is mixed In an equivalent weight wfm a diluting solvent 
prepared by mixing methylethyi ketone (MEK) and tetrahydrofuran (THF) in a ratio of 1 : 1 . The dfluted coating 
material consequently obtained is thoroughly stirred and then applied by the dipping method on the surface of 
the NBR rubber cleaned in advance with a solvent. The lateral faces at the terminals of the roller base 45 of 40 
NBR rubber may be also coated with the aforementioned coating material. 

On tie surface of the conductor layer of seamless tube, a resistor layer may be superposed for the 
prevention of bias leak. The term "bias leak" as used herein refers to the following phenomenon. 

When part of the sensitive member is chipped by some cause or other, an electric current flows between the 
conductor layer on the surface of the elastic eiectroconductive roBer and the sensitive material base. This 45 
electric current is curbed to a low level by the protective resistor. Once the electric current is suffered to flow, 
if only feebly, it gives rise to a potential difference between the opposite terminals of the protective resistor 
and compels the potential of the conductor layer to equal or approximate to the grounding potential. This 
phenomenon is called a "bias leak". In the case of the reversal development, the bias leak produces 
conspicuous white streaks on a solid image and seriously impairs the quality of image. SO 

When the resistor layer is superposed on the surface of the conductor layer, however, the bias leak is 
prevented from conspicuously affecting the image by the following reason. 

When the electric resistance offered by the resistor layer is so high as to exceed 10**0. cm, for example, 
the bias leak Is not allowed to occur even if the sensitive material base is exposed. When the electric 
resistance Is on the order of 1 0 8 Q - cm, the electric current flows in the direction of thickness of the resistor 5$ 
layer and possibly entails the bias leak. Even then, this bas leak is not allowed to lower the overall potential" of 
the resistor layer because the resistor layer offers electric resistance ft the direction of surface. There is the 
possibility that white dots of the same surface are as those encountered by the sensitive materia] will appear in 
the solid part of image. The possibility of white streaks appearing In the other part of image, however, is 
precluded. As described above, the resistor layer brings about an effect of precluding the occurrence of 60 
conspicuous defects in the formed image, 

The magnitude of the electric resistance of the resistor fayer by nature is to be determined in dose 
connection with that of the protective resistor. Generally, it is fixed at a level higher than that of the conductor 
layer, preferably above, 10 ? £i • cm. To manifest the effect of a developing electrode, the resistor layer Is desired 
to be formed in a thickness of no more than 0.5 mm. $5 
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Further, the metallic shaft is arable to supply bias by using a seamless tube solely Of a layer of 
etectroconductive resin and forming the roller base with an elastic conductor. In this particular construction, 
the blade Is not always required to be a conductor. Thus, the freedom in the selection of the material for the 
blade is notably broadened. This construction permits more reliable supply of electricity than the construction 
5 in which the electricity is supplied from the blade to the conductor layer through the medium of a toner layer. 

In this case, tho act of joining the seamless tube and the roller base with adhesive agent Is effective in 
preventing the tube from slipping. This uinlon is desired to be effected by the use of an electroconductive 
adhesive agent Of course, the occurrence of bias leak can be precluded by having, the resistor layer 
superposed on the surface of the electroconductive tube. 
10 The prevention of bias leak and the production of images of high quality can be ensured by keeping the 
magnitude of electric resistance of the rofler base 1Q*fl<cm and adopting a seamless tube possessing a 
higher magnitude of electric resistance. 

An elastic electroconductivs rofler 49 capable of precluding bias leak is polyester superposed in a thickness 
of OJS mm on the surface of the conductor layer 25. The magnitude of electric resistance of the resistor layer 51 
15 is I0 7 n«cm, a level enough to prevent the formed image from being impaired in quality by hias leak. 

The resistor layer 51 is provided at the opposite terminals thereof severally with parts for exposing the 
conductor layer 26, so thai the supply of developing bias to the conductor layer 25 is accomplished owing to 
the contact between these parts with the blade. 

The various devices of the present invention using this elastic electroconductive roller manifest a lasting 
20 ability to produce images of high quality owing to the following features. 

1. Since the elastic electroconductive roller has no seam on the surface thereof. It is allowed to fulfil 
charging and other functions with uniformity. 

2. Since the elastic electroconductive roller and the electroelastlc latent image retaining layer are so 
adapted as to effect mutual contact and friction, there can be imparted a difference of peripheral speed 

25 between thsrrt This fact brings about the following effects. 

(1) The charging and discharging are carried out evenly. 
{2) The charging, dscharging, and cleaning can be throughly effected. 
(3) The toner can be charged even normally. The charging, when necessary, may be effected to the 
reversed polarity. 

30 (4) The developing device Is adapted for the toner to be supplied in an optimal amount to the 

electrostatic latent image retaining layer. Thus, a highly desirable image Is obtained which comprises 
a solid Image of high and uniform density, a sharp linear image, and a background free from fogging. 

3. In the elastic electroconductive roller, the rofler base and the conductor layer are separated from 
each other and are Independently vested with the functions of elasticity and electroconductivity. Thus, the 

35 freedom in the selection of materials therefor is . notably broadedl The elastic electroconductive roller, 
therefore, can ba produced less expensively than the roller-like electroconductive brush. 
The conductor layer is not always required to possess suppleness but Is only required to possess flexibility. 
The conductor layer, therefore, can be formed in a varying manner Indicated below, as occasion demands. 

(1 ) Since use of an electroconductive polyester film sufficiesfor the conductor layer, a material required 
40 to refrain from chemically reacting with the toner can be selected very eaSDy. 

(2) A material capable of preventing exudation of a plasticizer contained In the rubber can be selected. 

(3) A material capable of being charged to a polarity opposite to thai of the charging of the toner 
enables the toner to be normally charged by friction. The charging may be effected, whan necessary, to 
the reversed polarity. 

45 (4) A material whose surface has a small friction coefficient enables desired sliding friction to be easily 

effected and allows a difference of peripheral speed to be easily imparted. 
Moreover, since the roller base Is not always required to possess electrooonductWty, a foamed article such 
as soft polyurethane foam or rubber sponge can be used as the material therefor. The elastic conductor roller 
using the roller base of such a material enjoys very high suppleness. As a result, a large nip width can be 
50 secured between the elastic electroconductlva roller and the electrostatic latent image retaining layer to 
ensure more uniform charging, discharging, transfer, cleaning, etc. 

When the elastic electroconductive roller Is so constructed to have at least on the peripheral surface thereof 
a conductor layer using as a main component a poryurethane resin and exhibiting an electric resistance of no 
more than lo 10 a-cm and on the inside of the conductor layer a roller base made of an ollproof rubber 
55 possessing a rigidity of no more than 40 degrees as measured with a hardness meter, Type A. specified in JIS 
K6301 and an electric resistance of no more than 1 0™n* cm, It enjoys a lasting ability to produce Image of high 
quality as shown below, 

(1) The oflproof rubber such as NBR or Neoprene possesses a low electric resistance in the 
neighborhood of 10 10 cm as compared with other species of rubber material. When the roller base made 
SO of this oilproof rubber is interposed between the metallic core and the conductor layer, the elastic 
conductor roller is enabled to effect supply of bias. When the ollproof rubber requires to incorporate 
therein an electroconductive filler for the purpose of lowering its Inherent electric resistance, the amount 
of the filler to be used Is smaller than that necessary in the case of other species of rubber material. 
(Z) Ganerajly, the rubber or sponge which has its electric resistance lowered by dispersion therein of 
65 electroconductive carbon lacks suppleness and suffers from heavy permanent compressive strain. The 
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oliproo? rubber such as MBR or Neoprene either finds no use for the aforementioned treatment for 
impartation of electrc^nductivity or attains desired reduction of electric resistance by incorporation of 
orrfy a small amount of an eJectroconductivB fffler. When the rubber base Is made of this oSpnod rubber, 
therefore, the elastic electroconductive roler using the roller base enjoys very satisfactory suppleness 
and high freedom from deformation. s 

The otherwise possible production of an image lacking uniformity of density due to the deformation of 
the elastic electroconductive roller occurs only with difficulty. Even if the elastic eiectroconductfve roller Is 
deformed or deprived of concentricity by enough to absorb such variation. Thus, the elastic 
electrooonducflve roller permits production of a transfer device or charging device possessing a lasting 
ability to produce images of high uniformity. 10 

(3) Since the roller base is formed of the oliproof rubber, the surface of the elastic electroconductive 
roller cannot be corroded by the polyurethane to be applied thereon. Further, since fast adhesion is 
obtained with the polyurethane type resin, such drawbacks as exfoliation of the conductor layer and 
deformation of the elastic electroconductive roller can never take place even altera protracted use. 

(4) The polyurethane resin preeminently excels the other resins in physical and mechanical strengths 15 
and hardly sustains wear or injury even under harsh working conditions. Further, by Incorporation of a fine 
electroconductive carbon powder capable of lowering the electric resistance or addition of such a 
polarization Inhibitor as dye, the toner particles can be easily prevented from acquiring trlboelectricity, 

(5) The coating or film of the polyurethane resin possesses me elasticity peculiar to rubber and. 
therefore, exhibits an excellent ability to succemb to deformation, flexure, elongation, etc. and does not 20 
go to impair the elasticity of the ollproof rubber. 

As described above, the devices contemplated by the present invention are allowed to take full advantage of 
the highly durable and inexpensive elastic electroconductive roDer which suffers from only slight degradation 
of ability even after protracted use, curbs the occurrence oT uneven fulfilment of functions, and refrains from 
Injuring the electrostatic latent image retaining layer. These devices possess a lasting ability to produce 25 
Images of high quality. 

Fig, 1 is an explanatory diagram illustrating the conventional chargeiess recording system, 

Fig. 2 Is a diagram illustrating an equivalent circuit of the conventional chargeless recording head T 

Fig, 3 Is an explanatory diagram illustrating the operation of a developing device, 

Rg. 4 Is a diagram Illustrating an equivalent circuit of the developing device, 30 
Fig, 5 is a partially cutaway cross section illustrating an elastic elecfroconductlve roller, 
Rg. 6 to Fig. 9 are partial cross sections illustrating concrete examples of the elastic electroconductive 
roller, 

Rg. 10 is a cross section illustrating the essential part of a general electrophotographic apparatus, 
Fig. 1 1 Is a cross section illustrating the essential part of one example of the charging device, 3S 
Rg. 15 Is a diagram illustrating the charging characteristic of an example of the charging device, 
Fig. 1 3 is a cross section illustrating the essential part of one example of the charging device used in the 
electrophotographic apparatus. 
Fig. 14 is a cross section illustrating the essential part of one example of the developing device, 
Fig. 15 is a partial cross section of a developing roller, 
Fig. 16 b a diagram Illustrating an effect of the developing device, 

Fig, 17 is a cross section iDustratlng the essential part of another embodiment of the developing device 
Rg, 18 is a characteristic diagram illustrating the results of an experiment by the use of the developing 
device, 

Rg. 19 is a cross section Illustrating the essential part ot an example of the discharging device used in 45 
the electrophotographic apparatus. 

Rg. 20 Is a cross section Illustrating the essential part of an example of the transfer device used in the 
electrophotographic apparatus, 

Fig. 21 Is a cross section illustrating the operating principle of the transfer device, 

Rg. 22 Is a diagram Illustrating the transfer characteristic of one example of the transfer device, SO 

Rg. 23 is a cross section illustrating the operating principle of a cleaning device, 

Rg, 24 is a cross section illustrating the essential part of an example of the cleaning device, 

Rg. 25 Is a cross section Illustrating the essential part of an example of the cleaning device used in the 

electrophotographic apparatus, 
Rg. 26 Is a cross section illustrating the essential part of another example of the cleaning device used in 5S 

the electrophotographic apparatus, 
Rg, 27 is a cross section iflustraiing the essential part of yet another example of the cleaning device 

used in the electrophotographic apparatus, 
Rg. 28 is a cross section illustrating the essential part of an example of a discharging and cleaning 

device used in the electrophotographic apparatus, .60 
Fig. 29 Is a cross section illustrating the essential part of a developing and cleaning device, 
Rg. 30 Is a cross section illustrating the essential part of an example of the developing and cleaning 

device used in the electrophotographic apparatus, 
Rg, 31 (a) is a cross section illustrating the operating principle of the charging device, 
Rg. 31 (b), (c), and (d) are diagrams Illustrating the operating principle of the charging device, 65 
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Rg. 32 (a) is a cross section illustrating the operating principle of an electrostatic latent Image forming 
device. 

Fig. 32 fb), (c), and (d) are diagrams illustrating the operating principle of the electrostatic latent image 
forming device, 

5 Fig. 33 is a cross section illustrating tne essential part of an example of the electrostatic latent image 

forming device used In the electrophotographic apparatus, 

Rg. 34 (a) Is a cross section illustrating the operating principle of an electrostatic latent Image forming 
and cleaning device, 

Fig. 34 (b), (c) , and (d) are diagrams Illustrating the operating principle of the electrostatic latent image 
10 forming and leaning device, 

Rg. 35 is a cross section Illustrating the essential part of one example of the electrostatic latent Image 
forming and cleaning device used In the electrophotographic apparatus, 

Rg. 36 (a) is a cross section Illustrating the operating principle of the charging device. Fig. 36 are 
diagrams Illustrating the operating principle of the combination of the contact charging device and the 
75 developing device, and 

Rg. 37 Is a cross section illustrating the essential part of an example of a cleanerless, corona) ess, 
chargeless electrophotographic apparatus. 
Rg, 10 Is a diagram illustrating a general electrophotographic apparatus. Around the periphery of the 
electrostatic latent image retaining roll 11 are disposed a charging device 53, an exposure device 55. a 
so developing device 57. a transfer device 59, a cleaning device 61 . and a discharging device. The electrostatic 
latent image retaining roll 11 is covered on the front surface thereof with the electrostatic latent image 
retaining layer . 13. The developing device 57 Is provided with a developing roller 67 and adapted to 
accommodate therein a toner 65. Through tha operations of uniform charging by the developing device 53, 
exposure of image to light by the exposure device 55. and development by the developing device 57, an image 
25 developed with the toner is formed on the electrostatic latent imagB retaining roil 1 1 . This developed image is 
transferred onto a transfer material (recording paper) 69 by the transfer device 59, the developed image on the 
transfer material 69 Is fixed by a fixing device 71 . In the meantime, the electrostatic latent image retaining roll 1 1 
relieved of the developed image is cleaned by the cleaning device 61 stripped of residual electric charge by the 
discharged device 63, and put to use again for the formation of a developed Image. 
30 The devices of this Invention are useful for the process described above, they possess functions fit for a 
plurality of processes and can be used in an apparatus adapted to fulfil the plurality of processes practically at 
tne same time one time. They may be enables to share the elastic electroconductlve roller which is a key part 
for the processes involved. 

35 (Example 1) Charging device 

One example of the charghg device of the present invention will be described. Fig. 11 is a cross section 
illustrating the, essential part of a charging device 73. 

the metallic shaft 9 had an outside diameter of 6 mm. the roller basa 23 was made of the aforementioned 
polyurethane type micro-cell foam 20-5 mm in outside diameter, the conductor layer 25 was a seamless tube. 

40 and the elastic electroconductive roller 31 had a volume resistance of 10 7 Ct-.cm. 

An electrode member 75 made of a phosphor bronze sheet 0.2mm in thickness was kept pressed against 
the surface of the conductor layer 25, so that a prescribed voltage was applied to the conductor layer 25 by 
power source means (not shown) through the medium of this electrode member 76, A cleaning member 77 
adapted to sweep the residual toner particles adhering to the surface of the conductor layer 25 was kept 

45 pressed against the surface mentioned above. The cleaning member 77 was formed of a sheet of felt 1 0 mm in 
width and 3 mm In thickness. The metallic shaft 9 was rotably supported by a stationary member (not shown). 
Trial electric charging as carried out by using the chaining device 73 and the electrostatic latent Image 
retaining layer (member to be charged) 13 made of an organic photoconductJve material, with the contact 
width with the elastic electroconductlve roller 21 fixed at 1 mm. When a voltage was applied to the electrode 

50 member 75 with the peripheral speed of rotation of the elastic electroconductive rofler 21 fixed at 80 mm/s and 
that of the electrostatic latent Image retaining layer 13 at 47 mm/s, the electrostatic latent image retaining layer 
13 exhibited a charging characteristic aa shown in Fig. 13. The surface potential of the electrostatic latent 
image retaining layer 13 showed a small dispersion within 20 V. 
When the device was operated with the contact with between the elastic electroconductive roller 21 and the 

55 electrostatic latent image regaining layer 13 kept below 0,3 mm. it showed a charging dispersion of no (ess 
than 50 V. a level undesirable from the practical point of view. 

When the direction of rotation of the eleotrostatic latent Image, retaining layer 13 was reversed and the 
direction of sliding contact thereof with the elastic electroconductive roller 21 was consequently reversed, the 
operation gave the same results as deserved above. For desirable results of the operation, the difference of 

60 peripheral speed was required to exceed 30 mm/s. With a smaller difference of peripheral speed, though the 
charging was attained, the surface potential of the electrostatic potential Image retaining layer 13 was unduly 
low. When the difference of peripheral speed decreased to 0 rnm/s, the ratio of decrease of the surface 
potential was about 30%. Though the magnitude of this decrease varied with the material of the conductor 
layer 25 end that of the electrostatic latent image retaining layer 1 3. it became constant when the difference of 

65 peripheral speed exceeded 30 mm/s. 
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(Example 2) Charging device 

"The elastic electroconductive roller 21 was produced by forming the roller base 23 with electroconductlve 
silicone rubber possessing a rigidity of 35 degrees and a volume resistance of lO/to- cm and the conductor 
layer 25 with an electroconductive polyester resjn layer possessing a volume resistance of l0 7 Q'cm. 5 

The charging device 73 of the present example used this elastic electroconductlve roller 21. 

Trial charging was carried out by applying a bias voltage to this elastic electroconductive roller 21 from the 
metallic shaft 9. The results were similar to those of Example 1. During a protracted use, the charging device 
exhibited a highly satisfactory charging characteristic without entailing fast adhesion of toner to the surface of 
the elastic electroconductive roller 21. 10 

The charging effected with the aforementioned elastic electroconductive produced results similar 1o those 
of Example 1 using the elastic electroconductive roller 21 whose conductor layer 27 possessed an electrio 
resistance of 10 7 O.cm. The device exhibited a satisfactory charging characteristic even during a protracted 
use. 

When the elastic electroconductive roller 21 whose conductor layer 25 possessed an electric resistance of 75 
lO^ft'cm was used, the surface potential of the eieotrostaticJafent Image retaining layer 13 was practically 
equal to the potential applied to the conductor layer 25. In this case, the electrostatic latent image retaining 
layer 13 was hardly susceptible of dielectric breakdown and was free from defects such as pinholes. 

The electrophotographic apparatus using the charging device 73 is illustrated in Fig. 13. 

20 

(Example 3) Developing device 

An example of the developing device of this invention will be described. Pig. 14 is a cross section Illustrating 
the essential part of a developing device 79. 

As a developing roller (toner carrier), tne elastic ejectroconductive roller 21 was used. The elastic 
electroconductive roller 21 had an elastomer layer 23 and a conductor layer 25 sequentially superposed 25 
outwardly on the periphery of a metallic shaft 9 having an outside diameter of 8 mm. ft was adapted to rotate 
counterclockwise. The elastomer layer 23 was made of NBR rubhar possessing a rigidity of 2B to 38 degrees 
as measured with a hardness meter, Type A« specified in JIS K 6301 and an outside diameter of 20 mm. The 
NBR rubber used an oil incapable of migration in the place of the conventional plasticizer so as to refrain from 
inducing reaction with the toner 65 or the electrostatic latent image retaining layer 13. so 

The conductor layer 25 was produced by applying on the surface of the elastic electrostatic layer 23 and the 
surface of part of the metallic shaft 9 as illustrated in Fig. 15 by the dipping method or spray method a coating 
material prepared by dispersing a fine electroconductive carbon powder in a poryurethane elastomer and 
consequently endowed with a varying level of eledroconducttvlty, l£. 1 x KPfl.cm, 6 x lO^-cm, and 3 x 
10 8 ft*cm. The thickness of the conductor layer 25 was In the range of 50 to 2QO um. 35 

A toner layer forming member 61 was made of a phosphor bronze sheet 0.2 mm In thickness wrth the leading 
end thereof curved semicircuiarly with a radius of curvature of 2 mm. Part of the curved end of this toner layer 
forming member 81 was kept pressed against the surrace ot the elastic electroconductlve roller 21 with a 
prescribed pressure. A recovery blade 83 for preventing the toner from spilling, a toner feeding roller 85, and 
the electrostatic latent image retaining layer 13 were kept pressed against the surrace of the elastic 40 
electroconductive roDar 21. 

The recovery blade 83 is capable of preventing the one-component non-magnetic toner 65 stored in a toner 
container 87 from spilling out the developing device and, at the same time, causing the residual toner adhering 
to the surface of the elastic electroconductive roller 21 to be recovered inside the toner container 87 without 
being spilt en route, in the present example, a polyurethane rubber In sheet 0.5 mm in thickness superposed 45 
fast on a sponge was used as the recovery blade 83. This polyurethane rubber sheet was kept gentry pressed 
against the elastic electroconductlve roller 21 except for the surface (main surface) in the terminal part as 
illustrated In the diagram. The toner feeding roller 85 Was formed of soft poryurethane foam possessing a 
density of 75 kg/m* and foam cell number of 80/25 mm. The contact depth of the toner feeding roller S5 relative 
to the elastic electroconductive roller 21 was fixed at 0.5 mm and the peripheral speed thereof at one half that so 
of the elastic electrocondutive roller 21. When the toner layer forming member 61 was pressed against the 
elastic electroconducllve roller under a linear pressure of 80 g/cm and the elastic electroconductlve roller 21 
was rotated at a peripheral speed of 94 mm/sec, a uniform thin toner layer was formed at a rate of 0.5 mg/cm 2 
on the surface of the elastic electroconductive roller 21. When this thin toner layer was aerially aspirated and 
introduced into a Falladay cage, the toner In the Falladay case was found to possess a potential of -9.0 uC/g. 55 
The toner used herein was a negatively charging type Insulating black toner obtained by dispersing carbon 
black In a polyester type resin. The charging of the toner was mainly effected by friction with the toner layer 
forming member 81. 

In the present example, the aforementioned developing device was used in the so-called laser beam printer 
adapted to form a latent image on the surrace of an organic photoconductive material by negatively charging $? 
the surface and exposing the surface to light through a given image and then convert the latent image into a 
visible image by treating the latent Image by the reversal development method. 

first, of the three species of electroconductive coating material mentioned above, that, of an electric 
resistance of 1 x 1 0*fl * cm was applied in a pattern shown in Fig. 1 5 on the elastic eleotroconductlve roller 21 . 
The image developed with this roller 21 were analyzed to find the relation between various parameters and the 65 
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produced Images. Here, the magnitude of electric resistance, R, between the surface of the elastic 
electrcopnductive roller 21 and the developing bias voltage applying means 15 will be defined The elastic 
eiectroconductive roller 21 and an aluminum cylinder 30 mm in outside diameter are parallelly placed and 
pressed against each other so as to produce a contact width of 3 mm, a potential difference of 10 V Is 
5 established between the aluminum cylinder and the metallic shaft of the elastic eiectroconductive roller 21, 
and the magnitude of the electric current, I [ft], which consequently flows between tham Is measured. In 
accordance with the following formula, the magnitude of electric resistance between the metallic shaft 9 of the 
elastic eiectroconductive roller 21 and the surface Is calculated. 
R 2 = 10/1 [ft] 

10 Then the protective resistor 17 whose electric resistance Is Ri Is used Then, the magnitude of electric 
resistance, R, mentioned above is defined by the following expression. 
R = Ri + Ra [H] 

The function of the magnitude of protective resistance, Ri, Is as follows. The desirability of the results of 
operation, more often than not, increases in proportion as the magnitude of electric resistance, of the 

15 elastic elcctrooonductivo roller 21 decreases. When the operation of development is repeated with an 
elBctrophotographic apparatus having the elastic eiectroconductive roller 21 of Ra =± lO 3 ^ connected to the 
developing bias power source 15 without using the protective resistor 17, it sometimes occurs that black 
spots are formed in the background of a produced image or white streaks appear in the solid part of the Image. 
This drawback is ascribable to the so-called bras leak, owing to the pinholes which are suffered to occur during 

20 the course of application of the electrostatic latent image retaining layer 1 3 and the defects which are Meted 
subsequently as by mechanical impacts on the electrostatic latent Image retaining layer 13. a high current 
flows from the elastic eiectroconduotive roller 21 to the electrostatic latent image retaining roll 1 1 and, with the 
Joule heat consequently generated, inflicts bums on the electrostatic latent image retaining layer 13. These 
burns manifest themselves as the black spots mentioned above. When the protective resistor 17 whose 

25 resistance fails in the range of 1 x 10* to 1 x 10^2, preferably 1 x 10 s to 1 x 10 7 H, is used in the aforementioned 
electrophotographic apparatus, since the leak current is curbed, the electrostatic latent Image retaining layer 
13 is not suffered to retain bums. Thus, the protective resistor 17 is highly effective in precluding the 
occurrence of black spots and white streaks. Of course, the apparatus has no use for the protective resistor 
1 7 when the magnitude of resistance, Ra, of the elastic eiectroconductive roller 21 is set in the range of 1 x 10 6 

30 to 1 x 10**2, preferably 1 x 10* to 1 x 10 7 O . it Is not easy for the magnitude of resistance of the elastic 
eiectroconductive roller, subsequently to the step of application, to be confined in such a low range as 
mentioned above. From the practical point of View, therefore, It Is more economical to lower the magnitude of 
resistance of the elastic eiectroconductive roller 21 to the fullest possible extent and use the protective 
resistor 17, 

35 The magnitude of resistance, R2. of the elastic eiectroconductive roller produced from a coating material 
possessing an electric resistance of 1 x 10*^ cm was found by test to be 7 x . When reversal 
development was carried out by incorporating In the apparatus the protective resistor 17 having a magnitude 
of resistance of 1 x I0 7 ft and setting the output voltage, Vb, of the developing bias power source 15 at -200 V, 
the background potential. Vo, of the latent image at -500 V, the potential, VL, of the image part (exposed part) 

40 of the latent image at -50 V, and the contact width between the electrostatic latent Image retaining roll 1 1 and 
the elastic eiectroconductive roller 21 at zo mm. The was obtained a sharp developed image enjoying uniform 
and high density and showing no sign of background fogging. Then, to find the relation between the magnitude 
af resistance, R, and the quality of image, the magnitude of resistance, Ri, of the protective resistor was varied 
and the variation in the effective developing bias voltage, Ve, or the potential on the surface of the elastic 

45 eiectroconductive roller 21 was measured. In consideration of the actual relation of Ri > R2, It Is permissible 
to measure the potential at the elastic eiectroconductive roller side terminal of the protective resistor 17 and 
report the result of this measurement as the effective developing bias voltage, Ve. The results are shown in 
Fig. 16. The curve of black circled representing the effective developing bias voltage, Ve. obtained during the 
wholly black solid development Indicates that this voltage was -200 V, a value absolutely equal to the output 

50 voltage of the power source, when the magnitude of resistance, R (— Ri). was 1 x 10 6 and fell to -80 V when 
the magnitude of resistance was 1 x 10*Q . In the case of the wholly white background, the electrostatic latent 
Image retaining layer 13 was relieved of the surface potential as expected and the flow of electric current in a 
direction opposite to that existing during the wholly black solid development was observed. The value of Ve 
was -200 V at 1 x 10«n and -450 V at 1 x 10TO . The review of tie test results with respect to the relation with 

SS the image quality reverais that the Image density was no more than 1 .20 when I Ve I was lower than 100 V and a 
conspicuous background fogging appeared when I Ve I was higher than 400 V. A safe conclusion, therefore, is 
that the amplitude of variation in the effective developing bias due to the developing current should be no mora 
than 100 V, preferably no more than SO V, in the case of the black solid development or no more than 200 V> 
preferably no more than 100 V, In the case of the wholly white background. 

60 Three elastic eiectroconductive rollers 21 were produced respectively from the three species of coating 
material possessing 1 x to 3 **. cm, 6 x lO^a-cm, and 3 x 10*£1 cm of eiectroconductrvity and wers tested to 
find the relation between the magnitude of resistance. R, and the quality of Image. By the method described 
above, the magnitudes of resistance of these elastic eiectroconductive rollers 21 were found to be 7 x 10*0 , 2 
x 10 7 O , and 1 x 10 10 Q respectively. When the development was carried out without the use of the protective 

65 resistor 17, the rollers of 7 x 10% and 2 x 10 7 Q produced images of fine quality the roller of 1 x 10 10 ft 
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nniducBd an hnaas havrna a low density of 1 .1 in the wholly black solid part and showing a conepicuous sign of 
Efi&TSSX *» whoS^te background. These resu.* agree 

3b 16. A safeconclusion. therefore, la that varying the magnrtude of resistance^ R 2 . <* the elastic 
eiactrownducSve roller 21 fa equivalent to varying the magnitude of protective resistance. Ri. 

C tTw of otherfarfors (v. t . m. end q) than the magnitude cutanea. ^J*** h £ 5 
efcramrtoned experiment using the conditions of v - 94 mm/sac. <= 200 mm, m — 0.5 rng/crn*. and 
r^nS^thSable length, 1 . was changed to 20 mm, a value 1 /10 
Snpact on the quality of image. When the wholly black eoBd development was canted out under 
tffTJ ilQ9Q and Ra = 7x 10»ft. it was found that the effective developing has. Ve was -188 V and the 
decfine of prtemrt by the resistant, R, was 1 2 V. Tr^ values are equai to exactly 1 / 10 o^ tn e values found* 
S nTSJ thai the developing current decreased exactly to 1/10 the original level. The produced 
l^XhZA, showing no dkcLlble sign of background fogging, decline of density or decflne of 
esoMrTpowV. These results support a conclusion that the quality of image is not exclusively Ifeed by the 
Swdeof resistance. Rr of the elastic electroconductlve roller 21 but affected ^.^anow^wwhoh 
□Xdetemto the magnitude of developing current, the value of |q|v t mR h the wholly black soDd 
dewtepm^^shouW be^o>more than 100 V, and the value of 1R in the wholly white background development 
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ucS !iSSSS supporting a conclusion that the opemtton is ^rformed^fecton* when the essential 
conditions of this invention. Le. |q|V £ mR § 100 and IR < 200. are fulfilled. 20 

^ySSSSiSS the developing device of this invention will be described. Fig. 17 is a cross 

^JS^SSSStS S Ir (toner canter] for this develop device « 

89™ Sed hrfVSSS sponge and the conductor layer 25 was formed of a resin layer hav^g an 
^(SuctSe carton pWer dispersed therein. The resistance of the conductor layer 25 

^V^fc^troconductive roller 21 was rotated counterclockwise. A toner layer forming blade 91 was 
JJ^SSS^ mm in thickness and adapted for the free ^thereof kept P-sed 
SIS the elastic electroconductive roller 21. A direct-current power source 15 was fmetodtothb 30 
btede 91 through the medium of the protective resistor 17 of 10 MO so as to permit supply of a bus voltage to 
S^duSX^oTme elastic electroconductiva roOer 21. By the method indicated m Example 3. the 
mSd^ of resistance between the direct^rrent power source 15 and the surface of the elastic 

8 ^SnT^« * 
feeding roller 85. and the efectrostatic latent Image retaining layer 13 were kept in contact wrth the surface of 

the elastic electroconductlve roller 21. . .... _ „ ^ 

ThTseal member 83 discharges the part of preventing the toner 65 held in the toner container 87 from 
soSno^lS eTtheWtime. causing the toner remaining after the development on the surface of *e 
28 SSSSlL roller 21 to be recovered in the M &Ttt&£ * 

seal number used in this case was obtained by superposing a polyurethane rubber sheet 0.5 mm Jn thickness 

^etoSding roller 85 was formed of a soft polyurethane foam. At the point £on» «h £ £fe 
conductive roller 21. this toner feeding roller 85 was rotated in a direcfion oppostteto Mofft^ 
Blectroconductive roller 21. When the one-component norHnagnetic rone ■ i to u*ed« in the present 
Harnola the force of effecting the adhesion of the toner particles to the surface of tte etostie 
S^tSe roller 21 ia limited solely to the enantlomorphic force and ^J^J^S^ 
SS to the magnetic force acting upon the magnetic toner is absent. Immediate ^WJbMM 
££5*on of the toner 65 as for the sofid image development therefore the ^W^tonerj H tote 
Sc electroconductive roller 21 Is not sufficient and the images to be subsequently formed suffer at fcmes so 
C VSSSSSS. The toner feedoig roller 85 is provided on the aurtacethered 
cells, which lend themselves to ensuring supply of a large volume of the toner 65 to the surface of ^heete to 
eleSroconductive roller 21. Thus, the surface behavior of the toner feeding roller 85 is highly effective In 

JTJSXSin of a latent image by projecting a feser beam on the , surface hHhM 
tetert biage retaining layer 1a Of course, this developing device can be used m the so caBad copying 
SSwZ wt£se operating principle resides In focussing the reflected light from the onginal on the 

■^•rsis^ss-*- ^ 13 ****** ■» ^^stszss 60 

organic photoconductive material, it may be formed of a selenium type or amorphous s^teon_ Jpe mtfnL 
Then the electrostatic latent Image retaining layer 13 uniformly charged to a surface poMOri o -55E IV by 
theae»coror*ch^^ 

having a potential of -50 V In the image part (exposed part) and a potentU of -550 V in the "<™™9 B part. 
Ther^the aforementioned developing device 89 was operated to effect reversal development 65 
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The contact width between tho elastic atectroconductfve roller 21 and the electrostatic latent image 
retaining layer 13 was about 3 mm and the peripheral speed of rotation of the elastic Blectroconductive roBer 
21 was 1B8 mm/sec (4.0 times the peripheral speed of the electrostatic latent Image retaining layer 13). 
The available length of the elastic electtoconductive roller 21 was 20 cm. 

6 The toner container 87 held therein a black one-component non-magnetic toner 65 of the negatively 
charging polyester resin. By the rotation of the elastic electroconductive roBer 21, a uniform thin layer of the 
toner was formed on the surface of the elastic electroconductive roller 21 > While the toner particles were In the 
process of passing under the pressure of the blade 91. they were negatively charged by the friction between 
the blade 91 and the surface of the elastic electroconductive roller 21 . When the linear pressure of the blade 91 

10 on the elastic eJectroconductive roller 21 . namely the quotient of (total pressure)/(iength of free end of blade), 
was fixed at 20 g/cm, the amount of the toner deposited par unit area of the surface of the elastic 
electroconductive roller 21 was 0,5 mg/cm 2 and the magnitude of toner charging was -8 uC/g. In this ease, the 
amount of the toner deposited was determined by pneumatically coDecting thetoner adhering to the surface of 
the elastic eleotroconductrve roller 21 in a Faraday cage, measuring tiie magnitude of potential, Q» and the 

1$ amount of collected toner. M, and claculating the quotient Q/M. The electric resistance between the blade 91 
and the conductor layer 25 on the surface of the elastic electroconductive roller 21 was found to be In the 
neighborhood of 1 x ICPfl while the elastic electroconductive roller 21 was In rotation and while it was and at 
rest This fact implies that the electric continuity between the edge of the blade 91 and the conductor layer 25 
on the surface of the elastic electroconductive roller 21 was comparatively satisfactory in spite of the 

20 intervention of the thin toner layer between the blade 91 and the elastic electroconductive roller 21 and the 
application of a voltage to the blade 91 brought about application of a practically equal elastic 
electroconductrVa bias to the elastic eJectroconductivB roller 21, 
In the present example, Iqlm S 100/v i R was obtained. 

When the reversal development of the latent Image was carried out under the aforementioned conditions by 

25 applying a developing bias of -250 V to the blade 91 , there was obtained a sharp developed Image having an 
Image density of no less than 1.3 and showing absolutely no sign of fogging. 

Tlten t the following various experiments were carried out for the purpose of finding the optimal ranges for 
the developing conditions. 
First the relation between the peripheral speed of the elastic electroconductive roller 21 and the quality of 

30 image by varying the peripheral speed of the elastic eiectroconductlve roller 21 wfthln the range of 16 to 423 
mm/sec, namely the range of 1/3 times to 9 times the peripheral speed of the electrostatic latent Image 
retaining layer 13. When the peripheral speed was below 1.0 times the peripheral speed of the electrostatic 
latent image retaining layer 13. the amount of the toner supplied to the latent Image was not sufficient and Xhs 
produced image was deficient In density because the speed of the electrostatic latent image retaining roller 21 

35 was lower than that of the elastic electroconductive roller 13, ... 

When the peripheral speed was within the range of 1.0 to 1.5 times, the uniformity and sharpness of the 
image were not fully improved and the produced Image was deficient in quality because the olfTerence of 
speed between the elastic eletttroconduetive rolfer 21 and the electrostatic latent image retaining layer 13 was 
unduly small. Further, the density of the Image was rather on the insufficient side. When the penpheral speed 

40 exceeded 7 times, the formed Image was sufficient in density but showed signs of fogging and smearing. 
These defects are though to have resulted from the scattering of toner by the cerrtrifugal force generated by 
the rotation of the elastic electroconductive roller 21 and the excessive supply of toner to the electrostatic 
latent image retaining layer 13. When the peripheral speed was In the range of 1,5 to 7.0 times, there were 
obtained images of very high quality. . , . + * 

45 The contact width between the elastic electroconducnvB roller 21 and the electrostatic latent image 
retaining layer 13 was varied in the range of 0 to 12 mm. When the contact width was in the range of 0 to 0.3 
mm, the images formed were devoid of uniformity and deficient In sharpness,- When the contact width 
exceeded 6 mm. the formed Images showed signs of fogging and blurring. Images of high quality were 
obtained when the peripheral speed was in the range of 03 to 6 mm, where the outside diameters of the 

50 elastic eiectroconductiva roOer 21 and the electrostatic latent image retaining layer 13 were respectively 20 mm 
and 60 mm. the proper range of contact depth analogous to the contact width was 0.1 to 2.0 mm. 

A total of four ©pedes of elastic electroconductfv© roller 21 were trialty manufactured, three species using 
roller bases 23 having 12. 120. and 220 as magnitudes of rigidity and one species made of silicone rubber. The 
Images produced with the four species of elastic electroconductive roller 21 were evaluated for change of 

55 quality, with the contact pressure between the elastic electroconductive roller 21 and the electrostatic latent 
image retaining layer 13 as a parameter. In this case, the contact pressure was calculated by tie dMsion of 
(total pressure of roller on drum) /(contact area). Though the desirability of the development increased with the 
decreasing magnitude of the contact pressure, the Images formed showed no sign of defect when the contact 
pressure was no more than 1 kg/cm 2 . When the contact pressure exceeded 1 kg/cm* the formed Images 

60 showed a conspicuous sign of fogging and blurring and their image parts occasionally betrayed lack of 
uniformity of density. . « 

The surface roughness of the elastic electroconductive roller 21 as a parameter was studied m relation to 
the quality of image. The conductor layer 25 of the elastic electroconductive roller 21 was obtained by applying 
to the elastic electroconductive roller 21 a coating of a polyester resin having dectroconductive carbon 

65 dispersed therein. The surface roughness of the coating thus formed was 0.1 |im. A total of five spades of 
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elastic eleotroconduetive roUer 21 ware trial* manufactured, lour spades having surfaces treated by sand 
blasting to 0.5 um. 3.0 um. 55 pm. and 9.3 jim as magnitudes of roughness and one species of efesbc 
electroconductive roller 21 which had not undergone this treatment M ^..i,,,^., 

The results of test were studied by comparison. The elastic electroconductive rollers 21 with 52 um and 9.3 
urn of surface roughness produced images lacking sharpness and tending to show a sign offogging l Those 
with no more than 3.0 um of surface roughness produced images invariably tolerable In sharonessjJenstty, 
and freedom from fogging. This behavior of surface roughness may be logically explained by a supposition that 
the toner layer grew in thickness and the uncharged toner increased In amount when the surface roughness 
gained in magnitude and the motional force generated between the toner end the surface of the etosbc 
electroconductive roller 21 was so large as to restrict the rolling motion and sliding motion of the toner 
particles at the position of development The surface roughness of the elastic electroconductive roller 21 is 
desired to be no more than 3.0 pm. 

Fig 18 Is a diagram illustrating characteristic curvas representing the results of determination of the 
developing characteristic of the present examine, with thepotential difference between the surface of the 
elastic electroconductive roller 31 and the electrostatic latent Image as a parameter. As one a* the saliem 
characteristics of this invention, the.fact that the development is attained satisfactorily even when the potentel 
difference between the electrostatic latent image retaining layer 13 and the elastic electroconductive roller 21 
is small because the developing electrode approximates very closely to the electrostatic latent Image, namely 
the tact that the development is effected at a low potential, may be mentioned. The test results of Fig. 18 evince 
mis characteristic very well It Is clearly noted thalthe development proceeds satisfactorily to produce Images 20 
no less than 12 in density when the absolute value of the potential difference between the surface of the 
elasticelectroconuctive roUer 21 and the image part of the electrostatic latent image is no less than ,100 V and 
no more than 600 V. The term "density of Image' as used herein refers to the numerical value obtained by 
transferring the toner image formed on the electrostatic latent image retaining layer 13 onto a plain paper by 
the well-known corona transfer method, thermally firing the transferred toner image on the plain paper, and 
measuring the optical density of the fixed toner image. It is also noted from the results of measurement of 
fogging indicated in the same diagram that the percentage offogging is kept below 14b when the absolute 
value of the potential difference between the non-image part of the electroconductive roller 21 is no less than 
50 V. The term "fogging (BG)" as used In the diagram is defined by the formula: 

wherein Rg stands for the optical reflectance of the plain paper before the transfer of the toner Image and R for 
the optical reflectance of the non-image part of the transferred and fixed image. This value of fogging was used 
as the criterion for the evaluation of fogging, on the assumption that any value of BG of no more than m 
represents practical absence of fogging. . 

The preceding examples have been described as effecting the reversal development owtng to the 
combination of the negatively charging type electrostatic latent image retaining layer 13 and the elgatively 
charging type toner. This Invention Is not limited to this particular combination. 

As the toner layer forming means, the elastic metallic sheet has been mentioned as an example. The thin 
toner layer may otherwise be obtained satisfactorily by pressing a rigid member of metal or resin against the 
surface of the elastic electroconductive roller 21. ... . rMnm 

The roller base 23 of the elastic electroconductive roller 21 may be made o-f afoam material such as sponge 
or of a rubbery material such as silicone rubber or Neoprene rubber. 

The developing bias, in the foregoing examples, is applied to the elastic electroconduetive roller 21 through 
the medium of the metallic blade 91. Alternately, this application of the developing bias may be MOMWUvd 
by imparting electroconductivlty to the roller base 23 of the elastic electroconducUve roller 21 and ata***** 
supply of electricity to tho surface of the elastic electroconductive roller 21 to lake place through the metallic 
shaft 9 and the roller base 23. 

(Example 5) Discharging device 
An examples of the discharging device of the present Invention will be described below so 
For diversion of the charging device into the discharging device, If suffices to change the voltage applied to 

the conductor layer 25 to a potentially desired to be released. The construction of the Is charging devioe may 

be identical with that of the charging device. , . , ar , 

A discharging device 93 in the present example Is identical with the charging device 73 Examplel and 

Example 2. excepting the potential of the conductor layer 26 thereof changed to the desired level (normally 0 55 

^ In the present case, when the electrostatic latent image retaining layer 13 was charged to -800 V with a S 
charger and then relieved of its potential with the charging device 73 described In Example 1 and Example 2. 
with various conditions such as the contact width between the electrostatic latent image retaining layer 13 and 
the elastic electroconductive roUer 21. the peripheral speeds thereof, and the magnitude of resistance ofthe SO 
conductor layer 25 equalized to those of the charging device 73 and the conductorlayer 25 equaled to those 
of the charging device 73 and the conductor layer 25 kept its a grounded state, the surface potential cf the 
electrostatic latent image retaining layer 13 after the discharge was Invairably in the range of -30 V to-80 V. 
When the same experiment was repeated, excepting the voltage applied to the conductor layer 25was 
changed to -200 V. the voltage after the discharging was -200 V and the variation was no more than 20 V. When S5 
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the experiment was repeated, excepting the electrostatic latent image retaining layer 13 was made of such a 
dielectric material as Mylar in the place of a photosensitive material, the results of the discharging were 
substantially the same aa those obtained above. The trtoo electricity of the material more or less affected the 
test results. The discharging was sufficiently attained, however, by curbing the triboalectririty of the material of 
6 the conductor layer 25 or by selecting the material Itself. 

An electrophotographic apparatus using the discharging device 93 is illustrated in Fig. 19. 

(Example 6) Transfer device •< 
An example of the transfer device of the present Invention will be described below. 
w Fig. 20 Illustrates this transfer device 95 as used In the electrophotographic apparatus. It was provided with 
the electrostatic latent Image retaining roll 11 as an image carrier and was adapted to form a toner image 
(developed image) on the electrostatic latent image retaining roll 11 and cause this toner image to be 
transferred onto the transfer material (recording paper) 69 nipped between the elastic eleotrooonduotive roller 
21 (transfer roller) and the electrostatic latent Image retaining roH 11. The electrostatic latent image retaining 
15 roll 1 1 was provided on the surface thereof, for example, with a selenium type photoconductive layer. Owing to 
the construction described above, the developed Image of toner formed on the electrostatic fatent Image 
retaining rail 11 through the operations of uniform charging by the charging device 53, exposure to light by tha 
exposure device 55, and development by the developing device 57 accommodating the toner 65 therein was 
transferred onto the transfer material 66 Interposed between the electrostatic latent Image retaining roll 1 1 and 

20 the elastic electroconductive roller 21, 

Fig. 21 is a diagram Illustrating the operating principle of the transfer device In the present example. The 
electrostatic latent image retaining roll carried on the surface thereof the developed image of toner. The back 
electrode on the front surface of the electrostatic latent image retaining roll 11 was grounded. The toner 
forming the developed image was negatively charged. The recording paper 69 was nipped between the elastic 

26 electroconductive roller 21 and the electrostatic latent image retaining roll 1 1 . A plus voltage was applied to the 
conductor layer 25 of the elasticelertroconductive roller 21 . When the electrostatic latent image retaining roll 
1 1 and the elastic electroconductive roller 21 as haid In the state mentioned above were set to rotation and the 
recording paper was conveyed in such a manner as to preclude occurrence of deviation of the recording paper 
relative to the electrostatic latent image retaining roll 11, the developed image of toner was transferred onto 

30 the recording paper 69. 

The elastic electroconductive roller 21 to be used In the present example is desired to be such that the 
contact pressure thereof exerted on the electrostatic latent Image retaining roll 11 is varied only slightly even 
when the contact width thereof with the electrostatic latent Image retaining roll 1 1 appreciably varies and the 
contact thereof with the electrostatic latent image retaining roll 11 is eatery retained even when the contact 

35 pressure Is no more than 300 g/cm 2 . .... 

The elastic electroconductive roller 21 used in the transfer device 95 will be described below with reference 
to Rg. 20. An electrode member 97 formed of a phosphor bronze, sheet was kept pressed against the 
conductor layer 25 of tha elastic efeqtroconducirVe "roller 21 so as to permit application of a prescribed voltage 
to the electrode member by the power source means (not shown). A cleaning member 99 adapted to sweep 

40 the paper powder and tha toner adhering to the surface of the conductor layer was kept pressed against the 
surface of the conductor layer 25. 

The cleaning member 99 was formed of felt The outside diameter of the metallic shaft 9 was 8 mm. The roller 
base 23 may be made- of a soft material such as rubber. In the present example, it was formed of an ester type 
soft polyurethane foam having an average cell number of 35 per 25 mm and a density of 31 kg/m 3 . The ester 

4$ type soft polyurethane foam had an outside diameter of 20,5 mm. A seamless polyester tube 20 mm in inside 
diameter was used as the conductor layer 25. The reslstivtty of the this conductor layer 25 was 10 7 Q- cm. The 
thickness of the conductor layer 25 was 70 pm and that of the base 70 urn. 

The transfer device 95 using tha elastic electroconductive roller 21 constructed as described above was 
operated to find the relation between the pressure and the contact width with which the elastic 

50 electroconductive roller 21 was pressed against the electrostatic latent image retaining roil 11 through the 
medium of the recording paper 69, The results of the operation indicate that the pressing force or the linear 
pressure per unit length In the axial direction of the electrostatic latent Image retaining roil 11 increased with 
the increasing contact width and the pressure per unit area was virtually constant at an extremely low level of 
about 45 g/cm 2 through the entire range of contact width of 3 mm to 8 mm. 

55 In contrast, when the conventional electroconductive rubber roller was used as the transfer roller, the 
pressure required In producing a contact width of 2 mm was in the range of 500 to 2,000 g/cm 2 . When another 
example of the elastic electroconductive roller 21 of this invention was used as the transfer roller, the pressure 
required in producing a contact width of 2 mm was no more than 300 g/cm 2 . This sharp contrast may be 
ascribed to the fundamental fault of the conventional electroconductive rubber roller, I.e. the fact that It is 

60 difficult to Impart desired electroconductivrty to rubber without a sacrifice of the high flexibility inherent 
therein. This invention solved this problem by separating the following two functions, , 

When a black toner image was transferred onto the transfer paper 69 by the transfer device 95, thermaBy 
fixed on the transfer paper, and then tested for density. As the result there was obtained a transfer 
characteristic represented by the curve (1) in Rg. 22. The transfer property was highly satisfactory and the 

65 aforementioned phenomenon of missing part from the formed image was not observed at all when the transfer 
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bias voltage was in the range of 400 to 600 V. Tha transfer efficiency registered a high value of no. less than 
904b in the range of voltage mentioned above. In the example described above, a selenium type 
photoconducflve drum 60 mm In outside diameter was used as the electrostatic latent Image retaining rofl 1 1 , 
wrth the maximum surface potential at the position of development fixed at + 600 V and the peripheral speed of 
rotation at 100 mm/sec. The outside diameter of the elastic electroconductive roller 21 was 20 mm, the contact 5 
width between the electrostatic latent image retaining roll 1 1 and the transfer materia) 69 was 3 mm, and the 
distance between the axis of rotation of the elastic electroconductive roller 21 and the surface of the 
electrostatic latent image retaining roll 11 was so set that the peripheral speed of rotation of the elastic 
electroconductive roller 21 relative to the fictitious radius was 100 mm/s. 

10 

(Example 7) Transfer device 

In the transfer device of this example, the transfer roller comprised the conductor layer 25 of the 
aforementioned elastic electroconductive roller 21 and a high-resistance layer formed additionally . To be 
specific, the metallic shaft SLwhich had a soft polyurethane foam superposed as the roller base 23 on the 
periphery thereof was Inserted In a polyester seamless tube having the conductor layBr 25 disposed in 1$ 
advance on the inner wall thereof. The resistivity of the conductor layer 25 was lO^-em. The thickness of tha 
polyester seamless tube was 75 mm. The conductor layer 25 was obtained by forming on the seamless tube a 
coating of polyester resin having electroconductive carbon dispersed therein. This conductor layer 25 
(seamless tube) was formed in a length greater than that of the roller base 23 and was adapted so that a 
desired voltage would be applied thereto through the medium of the electrode member 07. When the transfer SO 
of the toner was performed with the contact width between the elastic electroconductive roller 21 and the 
electrostatic latent image retaining roll 11 set at 3 mm and then the thermally fixed image was tested for 
density, there was obtained a transfer characteristic represented by the curve (2) in Fig. 22. 

This curve (2), as compared with the curve (1) obtained with tha transfer device 95 described in Example 6, 
clearly characterizes the fact that the bias voltage must be high to enhance the efficiency of transfer, tha 25 
decline of density Is small on the high potential side, and the transfer characteristic Is affected only slightly by 
the potential condition. Again in this case, the transferred images obtained were satisfactory, showing no 
missing portion in the central part 

In Example 6 and Example 7, numerous species of soft polyurethane foam possessing varying rigidity were 
evaluated as the material for the roller base 23 to find the relation between the rigidity and the phenomenon of $0 
showing a missing portion in the central part of image. The results indicate that this phenomenon was liable to 
occur when the rigidity of the soft polyurethane foam exceeded 100 kgt In this case, the rigidity of soft 
polyurethane foam was determined on the basis of the specification of JIS K-6401. Specifically, this 
determination was made by a procedure comprising the steps of placing a given test piece 50 mm In thickness 
and about 30 cm in diameter flatly on the stand of a testing machine, measuring the thickness of the test piece 35 
under a load of 0.5 kgr, recording the result of the measurement as the initial thickness, then depressing a 
circular pressure plale into the test piece to 75% of the load, again Immediately depressing the circular 
pressing plate into the test piece to 25% of the initial thickness, and taking the scale reading of the load after 
20 seconds following the stop of the depression. The load .thus found was reported as the magnitude of 
rigiojty. 40 

Numerous species of electroconductive material were studied as the material for the conductor layer 25. It 
was found that the conductor layer 25 ceased to function as an electrode and the efficiency of transfer 
declined when the magnitude of resistance exceeded 10 1 *ft-cm. Particularly In Example 11, when the 
electrostatic latent Image retaining layer 13 of the electrostatic latent image retaining roll 11 sustained such 
defects as pinholes, discharge of potential occurred between the conductor layer 25 and the electrostatic 45 
latent Image retaining roll 11 and often entailed a decline of the bias voltage and defective transfer. This fact 
indicates the desirability of the conductor layer 25 possessing the magnitude of resistance in tha range of 
10*£ • em to 1 0 1 *D * cm. Of course, the use of a conductor possessing a magnitude of resistance of less than 
10 6 Q-cm as the material for the conductor layer 25 Is tolerated when a resistance of the magnitude (for 
example, 10 6 to 10*n enough to curb the aforementioned discharge of potential Is inserted between a power 50 
source 101 and the conductor layer 25. 

When the roller base 23 of tha elastic electroconductive roOer 21 was formed of NBR rubber, the transfer 
could be carried out in the same manner as described above. In this case, for the purpose of decreasing the 
contact pressure as much as possible, minimizing the variation of the contact pressure, and ensuring 
infalSiable contact, it was found desirable for the aforementioned rubber to possess a rigidity of no more than 55 
40 degrees as measured with a hardness meter, Type A, specified In JIS K-6301 . When the rubber meeting the 
description given above was used in the elastic electroconducnVe roller 21 of the construction contemplated 
by this invention, It sustained only, minor permanent stain and withstood a protracted use, though it offered no 
generous contact width. The contact width was 1 .5 mm and the contact pressure was 200 g/cm 8 when the 
rigidity of rubber was 35 degrees, SO 

(Example 8) Cleaning device 
An example of the cleaning device of this Invention will be described below. 
Fig, 23 Is a diagram Illustrating the operating principle of the cleaning device of the present example. 
The electrostatic latent Image retaining layer 13 electrostatically held on the surface thereof the toner -65 
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remainig after the previous round of transfer. In the diagram, the polarity Of the normally charged toner particle 
i* Indicated as -minus' and that of the reversely charged toner particle as plus • 

In the elastic electroconductive roller 21 to be used as e cleaning dew* 103. Recharging pobufty of the 
surface material of the elastic electroconductive roOer 21 was desirably opposite jo tat of the_ toner. As 
illustrated in the diagram, a plus voltage was applied. The electrostatic latent Image retaining layer 13 retaining 
the residual toner on the surface thereof moved from left to right a? Ulustrated m the d^ and^s^d a 
cleaning device 103. At this time, shce.the elastic etectrooonductlve roller 21 was rotating at a peripteral 
speed higher than the speed of the movement of the electrostatic latent .mage retain^ layer 1^ the residua^ 
toner and the electrostatic latent Image retaining layer 13 were jubbed so that .the ^^P**f^f 
was charged to the normal polarity (minus as Illustrated in the diagram) and the residual toner was wholly 

SV Rg l^ad^raTi'BlustraOng the elastic electroconductive roller 21 used m.the cleaning device 103. The 
electrostatic latent Image retaining layer 13 carried on Its surface the tor«r charged to mirnis. The etetic 
electroconductive roller 21 was held In contact with the electrostatic latent image retaining layer 13. A metallic 
roller 105 and the elastic electroconductive roller 21 were held m mutual contact and they were both rotated 
clockwise to be slid on each other. A blade 107 is pressed against the metalDc roller 105. A recovery member 
109 was made of a soft malarial such as Mylar and adapted to touch the elastic electroconductive i roller 21 
gently enough to avoid scrapping off the toner and effect recovery of the toner nside a case 111. In the 
Smction dabbed ab^ a potential difference was Imparted between the roUers es Illumed so that 
the object adhering to the electrostatic latent image retaining layer 13 was sequent!^ tnmsferredfrom the 
electrostatic latent Image retaining layer 13 to the elastic electroconductive rolter 21 and from theefe*bc 
electroconductive roller 21 to the metallic roller 105 and the object on a metalBc roller 123was screwed off by 
the blade 107. In this construction, the blade may be formed of a material auch at i stetotess steel wtech 
possesses durability and exhibits a low friction coefficient ^The c earing device 103 I fuWted rts function 
satisfactorily without effecting thorough removal of the adhering object from the metafoc ro er 105 because 
the object on the elastic etecfroconductive roller 21 was transferred onto the metelEo roller 105. Thus, ft 
sufficedto have the edge of the blade 107 kept in light touch with the metallic ronsr ^-^if^ ^fJ°J 
may be replaced by some other conductive roller. Since the elastic eleciroconductivt ' roller 21 of this example 
excened in durability, a cleaning device 113 could be constructed by causing fte DteW be spressed 
30 directly against the elastic electroconductive roller 21 and omitting the metalc roller 105 (Fig. 25). 

S S^SS^SSma *e cleaning device 113 of this invention used In an electrophotographic 

^hSresent example, the aforementioned elastic electiocoriductlve roller 49.waO adopted as theetastic 
electroconducfive roller 21. The roller base 23 was made of NBR and the conductor layer 25 was made of an 
eeSnS^ 

as measured with a hardness meter. Type A. specified InJISK 6301. The realty of 
was 10'G-cm and the thickness Ihereof was 50 urn. The blade 107 was formed of a phosphor bronze sheet 02 
mm In thickness and adapted to have the edge thereof, kept in lightly pressed contact Thepressure of this 
™t^ was about 10 g/Om in the longitudinal direction of the blade 107. The ecstatic latent image 
retaining roll 11 and the elastic electroconductive roller 21 were both rotated ense al an equal perlphe^ 
S«/of 47 mm/s. The voltage was applied through the blade 10? and the magnttude of th« voltage was such 
asto Impart a differfence from the surface potential of the electrostatic latent Image retaining layer 13. The 
45 electrostatic latent image retaining layer 13 formed a latent Image by exposing to a 

photoconductor taring ft* surface thereof negatively charged in advance, P^^^CSoed 
effecting reversal development of the latent image with a negatively charging toner, t '^^ n B .^P!° 
image onto the recording paper69 by the operation of the transfer device, and thereafter "ndersenta i cteanlng 
treatment by the operation of the cleaning device 113 of this example. It was found that a potential difference of 
noSK lM V between the surface of the electrostatic latent Image retaining layer 13 after the step of 
transfer and the roller base 23 sufficed for thorough cleaning. . . 

in the case of the reversely polarized toner, the cleaning device . 113 using the aforementioned 
electroconductive polyurethane coating material in the conductor layer 25 permitted thorough cteanlng i When 
the difference of Spheral speed between the electrostette latent ^gere^-ng *^ 
electroconductive roller 21 was no less than 30 mm/s. In this case, when the roll 11 and th > roller 21 1 were 
rotated in opposite directions, the required cleaning was attained with the deference of P<**"*«^*« 
above 30 mm/sec. When the toner was Intentionally deposited etectrostatically on the elastic electreconduc- 
tive roller 21 with the blade 107 of varying shape and pressure to find the effects of shape and pressure he 
blade 107 on the efficiency of cleaning, it was found that thorough removal of We toner (Inclusive of the 
reversely polarized toner) adhering to the electrostatic latent in^ge retaining layer 13 oould be attained so long 
as the amount of the toner deposited on the elastic electroconductive roller 21 was noi itore ttan 1 I mg/ bm , 
preferably no more than 0.8 mg/cm* The though cleaning was obtained in sprte of variation n the pressure of 
the blade 107. A wide variation was conceivable as to the manner of holding or pressing the Made 10/. as 
illustrated in Fig. 25. the supporting point of the blade 107 was ^ways r equ^^^ 
side of the pressing point of the blade relative to the direction of rotation of the elastic electroconductive roller 
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21, Where the edge was held in pressed contact the required cleaning was attained even if the supporting 
point fall on the upstream side. Where a metallic conductor was used, the application of voltage could be 
obtained through the blade 107 to the conductor layer 25 of the elastic eiectroconduotivs rofler 21 . When the 
elastic electroconductive roller 21 was adapted so as to permit the application of voltage to the elastic 
electroconductive roller 21 through the medium of the shaft, the blade made of other material such as 5 
potyurethane rubber sufficed. The contact width between the elastic electroconductive roller 21 and the 
electrostatic latent image retaining layer 13 had to exceed 0.3 mm to ensure thorough cleaning. The resistivity 
of the conductor layer 25 of the elastic electroconductive roller 21 had to be no more than iD iz fl-cm for the 
purpose of the cleaning. The material for the conductor layer 25 was desired to possess polarity opposite to 
the charging polarity of the toner. This material was desired to be separated from the material of the toner in 10 
the triboeiectric series. 

(Example 10) Cleaning device 
Fig. 26 illustrates an electrophotographic apparatus using the cleaning device 103. 

Any of the species of elastic electroconductive roller 21 described above sufficed on condition thai the 15 
requirements mentioned m Example 9 were satisfied. In the present example, an electroconductive polyester 
tube was used as the conductor layer 25 and an electroconductrve silicone rubber was used as the material for 
the roller base 25. They were joined fast with the electroconductive adhesive agent 41. The application of 
voltage to the conductor layer 25 was attained through the medium of the shaft. The stainless steel roller 105 
was held in contact with the conductor layer 25 and the stainless steel blade 1 07 was kept in contact with the 20 
stainless steel roller 105. The electrostatic latent image retaining layer 13, the stainless steel roller 105, and the 
elastic electroconductive roller 21 were adapted to impart required potential difference. Thus, the resistivity of 
the conductor layer 25 of the elastic electrocandUctive roller 21 was desired to fall in the range of 10 8 to 
10 12 ft-cm In the present example, the operating principle and the construction described In Example 8 and 
Example 9 sufficed for the purpose of the Cleaning. The cleaning aimed at was attained when the potential 25 
difference between the electrostatic latent Image retaining layer 13 and the elastic electroconductive roller 21 
was no less than 200 V, the difference of peripheral speed no less then 30 mm/s, end the contact with no leea 
than 0.3mm. For thorough transfer of the toner from the elastic electroconductive roller 21 to the stainless 
steel roller 105 or thorough cleaning of the elastic electroconductive roller 21 was attained when the potential 
difference between the elastic electroconductive roller 21 and the stainless steeJ roller 1 05 was no less than 30 
150 V, the difference of peripheral speed no less than 10 mm/s, and the contact with no less than 0.3 mm. The 
other conditions on the relation between the blade 107 and the stainless steel roller 105 were the same as 
those of the preceding example. 

In Fig. 26, the discharging device 63 is depicted as used in a step preceding the step using the cleaning 
device 1 03. In this arrangement, as compared with the arrangement in which the discharging device was used 35 
In the step subsequent to the step using the cleaning device 113, the maximum potential difference between 
the cleaning device 1 13 and the elastic electroconductive roller 21 was small and the disturbance causable by 
a high potential difference of bias leak was not liable to occur because the surface potential of the electrostatic 
latent Image retaining layer 13 was uniform and low. 

40 

(Example 11) Charging and cleaning device 

An example of the charging and cleaning device of the present invention will be described. 

fig. 27 illustrates an example of the charging and cleaning device 115 provided with the elastic 
electroconductive roller 21. This construction was substantiaBy the same as that of Example 10 described 
above with reference to fig. 26. The charging and craning device 103 was a combination of the charging 4$ 
device described above with reference to Figs. 1 1 to 13 and the cleaning device 103. 1 13 described above with 
reference to Figs. 23 to 26 and adapted to make effective use of common parts of the two devices; 

The charging and cleaning device illustrated in Fig. 27 was allowed to perform charging and cleaning 
operations by application of conditions necessary for cleaning and those necessary for charging. To be 
specific, these conditions were fulfilled simply by setftig voltage applied to the elastic electroconductive roller 50 
21 si a level necessary for the charging. When the electrostatic latent Image retaining layer 13 was charged to 
500 V, for example, the charging and cleaning could be attained by setting the applied voltage at 800 V and the 
voltage for application to the stainless steel roller 105 at 905 V. The changing characteristic substantially equal 
to that illustrated in Fig. 12 was obtained and the cleaning attained by satisfying the conditions for the charging 
device and the cleaning device, 55 

It was difficult, however, to charge the surface of the electrostatic latent electrostatic latent image retaining 
layer 1 3 to plus and give desired cleaning to the toner whose normally charged polarity was plus. The difficulty 
could be overcome by forming the conductor layer 25 of the elastic eleciroconductive roller 21 with a material 
capable of charging the toner wholly to minus by friction therewith. Generally, however, the toner Is intended to 
be normally charged. To ensure thorough cleaning, therefore, it was necessary to select elaborately the. GO 
materia] for the conductor layer 25 and tot for the toner so that the toner would be normally charged, during 
the process of development and transfer and reversely charged during the process of cleaning. The removal of 
a charge repressant from the toner, for example, was an effective measure. 

$5- 
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(Example 12) discharging and daaning device .. ^„ 

A discharging and cleaning device of tha present invention will be described below. Fig. 28 is a dmgram 
Illustrating the diversion of the elastic electroconductive roler 21 to the discharging and cleaning devlcajhis 
construction was substantially the same as that of the charging and cleaning device illustrated In Hg^.To 

B function as the discharging ana cleaning device 115 of Fig. 27 had to be operated in such a manner that the 
voltage applied to the elastic electroconductive roller 21 would go to relieve the electrostatic latent image 
retaining layer13of Its potential. Where the surface potential of the electrostatic latent image retajn.nglayerl3 
was in the range of 0 to + 1.000 V. for example, the relation between the surface potential of the etertrostatie 
latent image retaining layer 13 after *b travel past the discharging and cleaning device 117 and the voltage 

10 applied to the elastic etectroeonductive roller 21 was virtually the same as Illustrated In Fig. 12 so long as the 
difference of peripheral speed between the elastic etectroeonductive layer 13 was no less than 40 mrn/s. In this 
case however, the normally charged polarity of the toner was plus and the electrostatic latent image rataiiting 
layer 13 was chargod to plus. The cleaning was no more than 1-150 V, namely the difference between the 
potential of the electrostatic latent image retaining layer 13 before discharging and the applied voltage was no 

15 less than 1 50 V. Thus, the discharging and cleaning was attained by the application of a voltage In the range of 
-150 V to -400 V. The other conditions of the contact width and the blade 107 In this case were the samB as 
those of the charging and cleaning device 103 of Example 1 1 . The same restrictions as described In EXample 
11 were imposed where the toner charged to plus was relieved of its potential and the polarity of normal 
charging was minus. 

20 . _ . 

(Example 13) Developing and cleaning device 
An example of the developing and cleaning device of the present invention will be described below. 
Bg 29 Is a cross section illustrating the essential part of a developing and cleaning device 119 (so-called 
cleaneriess electrophotographic device) and Fig: 30 is a diagram Illustrating an eteotrophotographic apparatus 
as using the developing and cleaning device 119, 

The elastic etectrooonduutlve roller 21 used In tho developing and cleaning device is the same as the 
aforementioned elastic alectroconductive roller 43. , 

The toner layer forming member 81 was obtained by bending the leading end of a phosphor bronze sheet 02 
mm In Ihfckne* In a semicircular shape 2 mm in side diameter. Part of the are was kept pressed against the 
30 surface of the elastic etectroeonductive roller 21 with a prescribed pressure. The recovery blade 83 adapted to 
prevent the toner from spilling, the toner feeding roller 85. and the electrostatic latent image retaining roll 1 1 
were also kept pressed against the surface of the elastic electroconductive roller 21. 

The recovery blade 81 discharged the function of preventing tha one-component non-magnetic toner bo 
stored inside the toner container 87 from spilling out the developing device and, at the same time, causing tha 
35 toner remaining after development on the surface of the elastic etectroeonductive roller 21 to be recovered 
into the toner container 87 without being spBt an route. In the present example, a ^ re ^ e h n *^ r . s ^ 
0.5 mm in thickness superposed fast on a sponge was used. This pofyurethane rubber ^ the lateral 
surface thereof excepting for the leading end gently kept pressed against the ^slic electfoconductive rolfer 
21 as illustrated in Fig. 29. The toner feeding roller 85 was formed of a soft polyurethane foam iposs esstog a 
40 density of 75 kg/m a and a foam cell number of 80/25 mm. with the contact depth , into the eteatic 
electroconductive reOer 21 set at 05 mm and the peripheral speed of rotation at 2/1 that of tte etastic 
etectroeonductive roller 21. When the toner layer forming member 81 was pressed ^ against the elastic 
electroconductive roller 21 with a linear pressure of 80 g/cm and the elastic electroconductive roHer 21 was 
rotated at a peripheral speed of 94 mm/sec, a uniform toner layer was formed at a ratei * °f °" lh ! 

45 surface of the elastic electroconductive roller 21. When the toner layer was pneumatically aspirated and 
introduced Into a Faraday case, It was found by test to possess a potential of -9-0 uC/g. The toner 65 used 
herein was a negatively charging Insulating blacktoner produced by dispersing carbon black m a polyester 
type resin. This toner was charged mainly by friction with the toner layer forming member 87. 
in this example the aforementioned developing device 119 was used in the so-called beer beam printer 
so adapted to form a latent image by exposing to a laser beam an organic P^^"^.^'" 9 *^ S "X 
thereof negatively chanjed In advance and converting this latent Image Into a visibly developed image by the 
revereal development method and also used In an electrophotographic apparatus devoid of a cleaning device 

as illustrated In Fig. 30. , ^'^^i*^ 

wnen the reversal development was performed with the potential of the Image part or the potential of the 
55 exposed part set at -50 V. the potential of the non-image part orthe potential crtmeunexposed part set at -500 
V the developing bias (the voltage to be applied to tha metallic shaflfl) set at -250 V. and tine contac i with 
between the electrostatic latent image retaining roll 11 and the elastic etectroeonductive roller 21 set at 1.5 
mm. there was obtained a prirrt sample conta^ , , 

Various parameters were studied as to their effects on the development to optimize the developing 

60 C °Fir5? n the elastic electroconductive roller 21 was produced by forming the i roller 'base 23 with an 
electroconductiVB NBR rubber having the magnitude of resistance adjusted to 10^-cm by in corporator! at 
electroconductive carbon and forming on the surface of the roller base 23 an electroconductve pol^hane 
resin layer. This elastic electroconductive roller 21 was used for the aforementioned trial development. In this 

es case the print sample obtained contained an image having substantially the same quality as mentioned above, 
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though the NBR rubber had a rather high rigidity of 40 degrees. When the triaJ development was performed by 
following the procedure described above, excepting chfroprene rubber possessing a magnitude of resistance 
of 1 X 10 13 fl - cm, the effect of the developing bias was small and the developed Image was in poor quality with 
a conspicuous sign of background fogging. When the same experiment was conducted using ohloroprene 
rubber possessing a magnitude of resistance of 1 x 10 10 Q- cm, the developed Image was in fine quality with no 5 
sign of background fogging* These results dictate the requirement the roller base 23 should be fanned of an 
elastomer whose magnitude of resistance is no more than 1 x 10 10 fi-crn. 

Satisfactory properties were acquired when the actual magnitude of resistance between the metallic shaft 9 
and the conductor layer 25 was no more than 1 x lO&D-cm, 

When the trial development was performed by using the elastic electroconducttve roller 21 formed of NBR 10 
rubber of a varying rigidity. It was found that results desirable from the practical point of view were obtained 
with the rubber possessing rigidity of no less than 40 degrees as measured with a hardness tester, Type A, 
specified in JI5 K 6301. When the rigidity exceeded 40 degrees, It was practically infeasible to increase the 
contact width between the electrostatic latent Image retaining roll 11 and the elastic electroconductive roller 
21 above 0.5 mm and the eccentricity or deformation of the elastic electroconductive roDer 21 manifested their 75 
effects conspicuously in the form of uneven density In the developed image. It was found that NBR rubber of a 
rigidity of 26 degrees yielded satisfactory results. 

The electroconductive polyurethana raaln layer was studied with respect to the thickness to find the 
optimum range of thickness. The dipping method and the spray method were tried as means of application of 
the resin layer. It was found that with these methods, it was diffioult from the practical point view to decrease 2D 
the thickness of the conductor layer 25 below 1 um When the thickness was below this level, the lack of 
uniformity of the coating manifested itself in the form of uneven density of the image. The upper limit of this 
thickness cannot be generally fixed because it depends if not exclusively on the rigidity of NBR rubber. It was 
found, however, that for the rubber of rigidity in the range of 28 to 35 degrees, the thickness was desirably not 
more than 200 pi When the thickness exceeded this upper limit, the conductor layer 25 failed to follow the SS 
elastic deformation of the NBR rubber and gathered wrinkles or sustained cracks. 

The amount of the electroconductive carbon dispersed in the polyurethana resin was varied to find the 
carbon content fit for the optimization of the magnitude of resistance. When two samples of 1 x 10 10 fl.cm 
and 1 x 10 1 1 ft -cm were tested elaborately for developing property, it was found that the Image with the latter 
sample of 3 x 1 0 1 1 D - cm showed a sign of background fogging. In the sample of 1 x 10 1 °Q - cm. the occurrence 30 
of background fogging could be curbed by setting the surface potential of the electrostatic latent image 
retaining layer 13 at -700 V and the developing bias at «250 V. More desirable results were obtained when the 
magnitude of resistance of the conductor layer 25 was no. more than 10*0- cm. An image of fine quality free 
from fogging was obtained when the surface potential of the electrostatic latent image retaining layer 13 was 
-500 V. 35 

Images of satisfactory quality were obtained also when the contact width between the elastic 
electroconductive roller 21 and the electrostatic latent image retaining roll 1 1 was in the range of 0J5 to 6 turn- 
When the contact width was no more than 05 mm, there was a conspicuous sign of ununiform density. When it 
was no less than 6 mm, the phenomenon of fogging occurred conspicuously. 

For production of developed images of satisfactory quality, the peripheral speed of rotation of the elastic 40 
electroconductive roller 21 was required to be in the range of 1.8 to 6j0 times that of the electrostatic latent 
image retaining roll 11. When this speed was no more than 1.8 times, the produced images suffered from 
deficiency In density and sharpness and produced fogging because of poor cleaning. When the speed 
exceeded 8.0 times, the images were blurred. 

The poor cleaning and the consequent fogging observed when the peripheral speed was low occurred 45 
because the toner was not precisely charged normally. The cleaning was perfectly attained when the ratio of 
peripheral speed was no less than 1.8 times. It is important to note at this point that the conductor layer 25 
must be made of a material capable of normally charging the toner by friction. 

images of equal quality were obtained when other species of the elastic electroconductive roller 21 were 
used in the electrophotographic apparatus. In the case of an electrophotographic apparatus adapted to effect so 
exposure on the surface of the electrostatic latent image retaining layer 13 constructed as Illustrated In tfg. 30, 
there are times when the toner remaining after transfer prevents the surface from being sufficiently exposed to 
light. When this apparatus is designed for resolution of no less than 35 dots/Rich (DPI), the use of the device of 
this example in the apparatus Is Impracticable unless the transfer efficiency of the transfer device 59 is close to 
100%. 55 

With an apparatus whose resolution was no less than 35 DPI, the image obtained by the exposure from the 
surface was sufficient in quality so long as the transfer efficiency was no less than 75Wo. When the interior of 
the electrostatic latent Image retaining roll 11 was made of a transparent material and the exposure was made 
from within, the image obtain in this example was in fine quality. The term "transfer efficiency" as used herein 
refers to the value, (ID TB - ID TA} ^ ID TB x 100 (%), wherein ID TB stands for the density of a given black 60 
solid image on the electrostatic latent Image retaining roll 1 1 prior to transfer and ID TA for that after transfer. 

When trio electrostatic latent image retaining layer 13 capable of effecting exposure from within was used, 
the discharging device 63 disposed inside could be utilized effectively in relieving the electrostatic latent image 
retaining layer 13 of hs potential through the agency of light 
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{Example 14) Oectiostailc latent image forming devfoe 
An example of the electrostatic latent image forming device of the present invention will be described below. 
Fig. 31 Is a diagram Illustrating the operating principle of the charging device described above In Example 2 
and the charging and surface potential of the deetrostatic latent Image retaining layer 13 using the charging 
5 device. In Fig. 31 (a), the elastic eiectroconductive roller 21 and the electrostatic latent image retaining layer 13 
are in the state of mutual sliding contact. When a potential difference was established as Illustrated herein, the 
surface of the electrostatic latent Image retaining layer 13 was charged to plus. As regard variation of this 
state, the surface potential of the eleotrostatic latent Image retaining layeriS was Vr V closely approximating to 
O V as shown in Fig. 31 (b) before charging and then, at the time of charging, a potential of Vb V was applied to 

10 the surface as shown in Fig. 31 (c) and the surface potential of the electrostatic latent Image retaining layer 1 3 
was changed to Vo V. Thereafter, a latent image was formed by exposure to light. At the time of 
developmenUhe potential of the exposed part of the surface of the electrostatic latent Image retaining layer 1 3 
was Vr V and the potential of the unexposed part thereof was Vo V as shown in Mg. 31 (d). During the course of 
the development, the developing bias V D was set at an intermedium between Vo and Vr and applied to the 

75 clastic eteolroconductive roller 21 so as to produce an Image sufficient In density and free from fogging, 
An example of the electrostatic latent image forming device provided with the elastic eiectroconductive 
roller 21 will be described below with reference to Fig. 32. 

As illustrated In Fig. 32 (a), the elastic eletf rocorciuctJve roller 21 and the electrostatic latent image retaining 
layer 13 were held in sliding contact with each other and a potential dtfference was established. The 

20 electrostatic latent Image retaining layer. 13 had a back electrode made of a transparent material and, 
therefore, was enabled to effect the exposure from behind and produce a latent image with the aid of an 
exposure device (not ehown). As Illustrated in Fig. 32 (b), the surface potential of the electrostatic latent image 
retaining layer 13 was Vr V closely approximating to 0 V before the formation of the latent image. During the 
formation of the latent Image, the potential of Vb B was applied to the surface as Illustrated in Fig. 32 (c), in the 

25 unexposed part, the surface potential of the electrostatic latent Image retaining layer 13 was Vo V similarly to 
that of Fig. 31. In the exposed part, migration of charge occurred inside the electrostatic latent Image retaining 
layer 13 because an electric latent Image retaining layer 13 because an electric field was acting on the 
electrostatic latent image retaining layer 13. the surface potential of the electrostatic latent image retaining 
layer 1 3 in the exposed part, therefore, was Ve V of a polarity opposite from that of Vb V. The contrast of latent 

30 image (potential difference) in this case was large as compared with that of Fig. 31 (d). The relation 
|Vo-Vri<|Vo-Ve| Was satisfied. The magnitude of Vb was allowed to be lower were the potential 
difference, |Vo-Vrl was sufficient Further, at the time of devetopp^nt, me developing blaaVDv^allov^d to 
be lower than Vd of Fig. 31 (d) because it fell between Vo and ve. The low-voltage power source of the level of 
24 v, 1 2 V, or 5 V generally furnished for the electrophotographic apparatus, therefore, could be utilized for the 

35 generation of a developing bias. It was allowed even to lower this developing bias to 0 V. To attain this effect, 
the magnitude, I Ve I , was required to be large in some measure. In the present example, this increase of the 
magnitude was attained by setting the resistivity, of the conductor layer 25 of the elastic dectroconductive 
roller 21 In thB range of 10* to iPO-on. When this magnitude was not more than 10*0 -om, Ve approached O 
V. when it was no less than 10 9 Q-cm. both (Vol and |Ve| approached O. 

40 .... .... . . 

(Example 15) Electrostatic latent Image forming device 
An example of the electrostatic latent image forming device of the present Invention wiU be described. 
Fig. 33 ie e diagram illustrating an electrophotographic apparatus using the electrostatic latent image 
forming device. . , . 

45 The electrophotographic latent Image forming device of this example was composed of the charging oevice 
73 and the example was composed of the charging device 73 and the exposure device 55. 

The aforementioned elastic electrocortductfve roller 43 was used as the charging device 73. in this case , the 
magnitude of resistance of the conductor layer 25 was set at 10 7 Q-cm. The peripheral speed of the 
electrostatic latent image retaining roll 11 was 47 mm/s and that of fte elastic eiectroconductive rollerzi was 

50 1 00 mm/s. The contact width of the roll 1 1 and the roller 21 was 2 mm. The electrostatic latent image retaining 
roll 1 1 was produced by forming the base thereof with glass to permit exposure from behind, superposing on 
this base a layer of ITO to serve as a transparent back electrode, and forming me electrostatic latent ImagB 
retaining layer 13 on the TO layer. Inside the electrostatic latent image retaining roll 1 1 , the exposure device 55 
composed of a LED array and an equal magnification lens was disposed so as to expose to light the so-called 

55 nip, the contacting parts of the elastic eiectroconductive roller 21 and the electrostatic latent image retaining 
ron 11. When the electrophotographic apparatus constructed as described above was operated to apply a 
charging bias voltage of 800 V to the elastic electroconductlva. roller 21. there was obtained a latent image 
having the unexposed part charged to 50 V and the exposed part to -300 V respectively. For the exposure to be 
enected to the best advantage, the position for this exposure with the exposure device 56 was required tofan 

60 in the range of 0.3 to 0.5 mm from the rear end of the aforementioned hip (the right end in the riagram). When 
the distance was no more than 0.3 mm, the charging potential of the exposed part was varied by change in the 
position of the nip. When the distance was no less than 0.5 mm. the exposure device was recharged after 
exposure and the charging potential approached 0 V. The other conditions were the same as those of the 
charging device mentioned above. , , 

65 A transparent resin, for example, sufficed as the transparent base for the electrostatic latent image retaining 
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roll 1 1 . Some other transparent electrode sufficed for the back electrode. An electrooonductive glass sufficed 
concurrently for the base and the back electrode. 

(Example 16) Electrostatic latent image fanning and cleaning device 

An example of the electrostatic latent Image forming and cleaning device of the present invention will be 5 
described 

The electrostatic latent Image forming and cleaning device of the present example was composed of the 
charging and deanihg device 103 described m Example 11 and the exposure device 65 (Fig. 35). 

Fig, 34 is a diagram illustrating the operating principle of the electrostatic latent (mage forming and cleaning 
device. Fig. 34 (a) Illustrates a set up identical with that of Fig. 32 (a), excepting the toner remaining after the 10 
transfer adheres to the electrostatic latent image retaining layer 13. Ac illustrated in Fig. 34. the toner particles 
denoted by + are those of reverse polarity and the toner particules denoted by -are those charged to normal 
polarity. The formation of an electrostatic latent Image has been already described In Example 14. The 
description thereof is omln^ rwe. The operas 

(b) depicts the state of the device prior to the electrostatic latent image f ormation and cleaning. In the state 15 
depicted in Fig. 34 (b). the toner remaining after the transfer rested on the electrostatic latent image retaining 
layer 13. Since, the surface potential of the electrostatic latent image retaining layer 13 was Vr. the diagram 
depicts the toner at the position of Vr to show that the toner rested on the electrostatic latent retaining layer 
13. Then, Fig. 34 (c) depicts the state in which the latent image was formed similarly to Fig. 32 (c). in this case, 
the reversely polarized toner was normally charged by friction with elastic electroconductrve roller 21. The 20 
surface of the electrostatic latent image retaining layer 1 3 was charged from Vr to Vo and Ve. Since the surface 
potential of the elastic electroconductive roller 21 was Vb, the toner resting on Ve was transferred to Vb by the 
electrostatic force due to the potential difference of Vb - Ve, namely to the elastic electroconductive roller 21 , 
while the toner resting on Vo was transferred to Vb by the electrostatic force due to the potential difference of 
Vb - Vo. In consideration of the possibility that the tonar would partly remain on Vo or the electrostatic latent 25 
image retaining layer 13 because the potential difference Vb - Vo was small, the diagram depicts part of the 
toner stiP remaining on Vo. Tne remaining toner Implies that it escaped being removed by the cleaning 
operation. It is noted, however, that the remaining toner caused absolutely no trouble owing to the subsequent 
step of development Fig. 34 (d) depicts the state assumed during the course of the development Vo denotes 
the surface potential or the developing bias of the developing roller. During the development, the toner resting 30 
on the developing roller was transferred to Vo by the electrostatic force due to the potential difference of 
Vo - Vb, or onto the electrostatic latent image retaining layer 13, to give rise t an image part In the other part, 
the toner resting on the developing roller was caused to remain intact on the developing toner owing to the 
potential difference of Vo - Va This part formed a non-Image part on the electrostatic latent image retaining 
layer 13. The toner which continued to remain on Vo in the state of Fig. 34 (c) went to form part of the image 35 
part. Actually, virtually afi of the toner was removed m the state of Fig. 34 (c). 

The so-called normal development in which the surface potential of the electrostatic latent image retaining 
layer 13 in the Image part is plus and the polarity of normal charging of the toner is minus has been described 
with reference to examples. In the case of the reversal development in which the polarity of normal charging of 
the toner is plus as in the foregoing examples, the cleaning to be effected In the state of Fig. 34 (c) required the 40 
toner to be thoroughly charged to the reverse polarity in spite of dffiicuhy. In this case, the device may be used 
desirably in the following example. 

Fig. 35 illustrates and electrophotographic apparatus using the electrostatic latent Image forming and 
cleaning device (the combination of the charging and cleaning device 115 and the exposure device 55), the 
developing device 119, and the transfer device 95 of the present invention. & 

The charging and leaning device 103 was that described In Example 11, the developing device 1 19 was that 
described in Example 13, and the transfer device 95 was that described in Example 6. The other components 
such as the electrostatic latent image retaining roll 1 1 and the exposure device 55 where the earn© as those 
described in Example 15. As the result, there was materialized an electrophotographic apparatus which had no 
use for any corona charging device. 50 

(Example 17) . . 

Example 37 illustrated an electrophotographic apparatus using the electrostatic latent image forming device 
(the combination of the charging device 73 and the exposure device 55), the developing and cleaning device 
119, and the transfer device of the present Invention. 55 

This elBctrophotographic apparatus was identical to that of Example 1B, excepting the electrostatic latent 
image forming device (the combination of the charging device 73 and the exposure device 55) of Fig, 33 
described in Example 15 was used in the place of the electrostatic latent image forming and cleaning device 
{the combination of the charging and cleaning device 1 15 and the exposure device 55) of Fig. 35 descrfbedin 
Example 16. The operation and effect of this apparatus were vertualry the same as these o the so 
electrophotographic apparatus of Fig. 35* The operation of the part used as a replacement will be described 
below with reference to Fig. 35. 

Fig. 38 (a) is a diagram illustrating the operating principle of the electrostatic latent Image forming dewce. As 
illustrated in the diagram, the elastic electroconductive roller 21 and the electrostatic latent image retaining 
layer 13 were kept in sliding contact with each other and a potential difference was established. The formation €5 
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of a latent Image in the apparatus constructed as described above has already been explained in Example 12 
and wa) not be repeated here. As Illustrated in Fig. 36 (a), the toner remaining after the transfer adhered to the 
electrostatic latent image retaining layer 13 prior to the formation of the latent Image and It continued to remain 
on the electrostatic latent image retaining layer 13 even after the formation of the latent image. The diagram 

5 implies thai no cleaning was effected. Fig. 37 illustrates the developing and cleaning device being operated to 
remove un necessary toner and, at the same time, develop the latent image. Thte process win be described with 
reference to Fig. 38. Fig. 36 (b) depicts the state assumed by the device prior to the formation of the latent 
image. The surface potential of.the electrostatic latent Image retaining layer 13 was Vr and the toner remaining 
after the transfer continued to remain on the electrostatic latent image retaining layer 13. Here, the polarity of 

10 normal charging of the toner taken as plus and denoted by +. The symbol - denotes the toner of reverse 
polarity. Fig. 36 (c) depicts the state assumed by the device during' the formation of a latent image. In this case, 
the potential of the elastic electroconductive roller 21 was Vb and the electrostatic latent image retaining layer 
13 was changed to Vo and Ve. The toner of reverse rjolariry w^^ by friction with the elastic 

etectroconductlve roller 21. The toner on the electrostatic latent image retaining layer 13 was caused to remain 

15 on the electrostatic latent image retaining layer 13 was caused to remain on the electrostatic latent image 
retaining layer 13 by the electrostatic force due to the potential difference of Vb - Vo or Vb - Vs. Fig. 36 (d) 
depicts the state assumed by the device during the developing and cleaning operation. The surface potential 
of the elastic electroconductive roller 21 was V 0 (developing bias), At the position of the surface potential, Vo. 
of the electrostatic latent Image retaining layer 13, therefore, the toner resting on Vo was transferred to Vd by 

20 the potential difference Vo - Vo. At the position of the surface potential. Ve. of the electrostatic latent Image 
retaining layer 13, the toner on V D was transferred to Ve by the potential difference of Vo - Ve. The toner resting 
on Ve was allowed to remain as K was. Thus, during the developing and cleaning operation, the toner on Vo 
was recovered on the elastic electroconductive roller 21 and the toner was fed even from the elastic 
electroconductive roller 21 to the portion of Ve (for development). In this case, the toner of reverse polarity 

25 behaved to a contrary effect The normal charging effected in the state of Fig. 38 (c) resulted in improvement of 
the image quality. Even with the conventional developing device, the aforementioned effect (of cleaning) could 
be attained. 

Moreover, the otherwise possible waste of the toner could be avoided because the device avoided effecting 
the removal of the toner remaining after the transfer in the state of Fig. 36 (c) and served as part of the device 
30 for recovery or development In the state of Fig. 36 (d). Since the apparatus Involved no waste of the toner, It 
found no use for the heretofore Indispensable waste toner box and permitted a saving of floor space. The 
apparatus, therefore, was easy to maintain. 



35 

Claims 

1 . A developing device for forming a thin layer of toner on the surface, of a toner carrier subjected to 
40 developing bias voltage and converting an electrostatic latent image Irito a visible Image by causing said 

thin toner layer to contact an electrostatic latent image retaining layer, which developing device is 
characterized by being adjusted so as to satisfy the conditional formula: 
Iqi m =» 100/v^R 

wherein q stands for the magnitude of charging of said toner (C/gh m for tire amount of said toner 
45 attached to the surface of said toner carrier per unit area of said surface (g/cm 5 *), v for the speed of 
movement of said toner carrier (cm/sec), ^. for. the available length of said toner carrier (cm), and R (H) for 
the magnitude of electric resistance between the surface of said toner carrier and means for application 
of said developing bias voltage. 

2. The developing device of claim 1, wherein the width of contact between the surface of said toner 
CO carrier and the surface of said electrostatio latent image retaining layer Is In the range of 0.3 mm to 6,0 

mm. 

3. The developing device of claim 2, wherein the pressure of contact between said toner carrier and 
said electrostatic latent image retaining layer Is' no more than 1 kg/cm 2 . 

4. The developing device of claim 3, wherein the depth of contact between said toner carrier and said 
55 electrostatic latent Image retaining layer is in the range 0.1 mm to 2.0 mm. 

5. The developing device of claim 4, wherein the roughness of the surface of said toner carrier is no 
more than 3 urn. 

6. The developing device of claim 5, wherein means for forming said thin toner layer is an elastic 
member or a rigid member pressed against the surface of said toner carrier. 

60 7. The developing device of claim 8, which is provided with means for applying such a voltage to the 

surface of said toner, carrier that the absolute value of the potential difference between the image part of 
said electrostatic latent Image and The surface of said toner carrier is no less than 1 00 V and no more than 
600V. 

8. The developing device of claim 7, which Is provided with means for applying such a voltage to the 
$5 surface of said toner carrier that the absolute value of the potential difference between the non-image 
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part of said el eclrostatic latent image and the surface of said toner carrier is no less than 50 V. 

9. The developing device of claim 1, wherein said toner carrier is an elastic electroconductlve roller 
provided with an elastic roller base and a flexible conductor layer superposed tightly on the periphery of 
said roller base and said toner carrier possesses an ability to produce a cleaning action. 

10. A developing device for forming a thin layer of toner on the surface of a toner carrier subjected to s 
developing bias voltage and converting an electrostatic latent Image Into a visible image by causing said 

thin toner layer to contact an electrostatic latent Image retaining layer, which developing device is 

characterized by being adjusted so as to satisfy the conditional formula: 

R<200/l 

wherein \ (A) stands for the magnitude of a developing electric current and R (Q) for the magnitude of 10 
electric resistance between the surface of said toner carrier and means for application of said developing 
bias voltage. 

11. A charging device Incorporating therein an elastic electroconductive roller provided with an elastic 
roller base and a flexible conductor layer superposed fast on the periphery of said roller base, which 
charging device ie characterized by thef act that sad eia^ 15 
on the peripheral surface thereof with a conductor layer formed mainly of polyurethane resin and 
possessing a magnitude of resistance of no more than 1D 12 fl - cm. 

12. A charging and cleaning device, characterized by incorporating therein an elastic electroconductive 
roller provided with an elastic roller base and a flexible conductor layer superposed fast on the periphery 

of said roller base. 20 

13. A transfer device Incorporating therein an elastic electroconductive roller provided with an elastic 
roller base and a flexible conductor layer superposed feet on the periphery of said roller base, which 
transfer device is characterized by the fact that said elastic electrocDnductive roller incorporates therein 
an elastic electroconductive roller provided with an elastic roller base and a flexible conductor layer 
superposed fast on the periphery of said roller base, wherein said elastic electroconductive roller Is 25 
provided on the peripheral surface with a conductor layer formed mainly at least of polyurethane resin and 
possessing a magnitude of resistance of no more than 10 12 ft -cm. 

14. A discharging device, characterized by incorporating therein an elastic electroconductive roller 
provided with and elastic roller base and a flaxibje conductor layer superposed fast on the periphery of 

said roller base. & 

15. A discharging and cleaning device, characterized by incorporating therein an elastic electroconduc- 
tive roller provided with an elastic roller base and a flexible conductor layer superposed fast on the 
periphery of said roller base. 

16. An electrostatic latent Image forming device, characterized by the fact that Charging means 
incorporating therein an elastic electroconductive roller provided with an elastic roller base and a flexible 35 
conductor layer superposed fast on the periphery of eaid roller base and exposure means are opposed to 
each other through the medium of an electrostatic latent image retaining layer at least the exposure part 

d which is transparent. 

17. An electrostatic latent Image forming and cleaning device, characterized by the fact that charging 
means incorporating therein an elastic electroconductive roller provided with an elastic roller base and a 40 
flexible conductor layer superposed fast on the periphery of said roller base and exposure means are 
opposed to each other through the medium of an electrostatic latent image retaining layer at least the 
exposure part of which Is transparent 

18. A cleaning device, characterized by incorporating therein an elastic electroconductive roller provided 

with an elastic roller base and a flexible conductor layer superposed fast on the periphery of said roller 45 
base. 



29 



FROM HARAKENZO PAT. 



2007$ im9B(i) 20: 34/1120 :13/*H§4807405341 P 92 

EP 0 323252 A2 



FIG. I 

PRIOR ART 



6 r* 




FIG. 2 

PRIOR ART 




FROM HARAKENZO PAT. 



20071 lfH9B(£)20:34/!f20:13/*li§4807405341 P 93 



EP 0323252 A2 



FIG. 4 




FIG. 6 

/ 



FROM HARAKENZO PAT. 



2007$ mm® 20: 34/120 :13/tt«4807405341 P 94 



EP 0323252 A2 



FIG. 7 FIG. 8 




59 



JROM HARAKENZO PAT. 



2007$ lM(£)20:34/iI20:13/*lf§4807405341 P 95 

EP 0323 252 A2 



FIG. II 




FIG. 12 



i— -1.5 ■ 




POTENTIAL ON 
CONDUCTOR LAYER 



FROM HARAKENZO PAT. 2007$ 1^1 9B (^) 20 : 34/^20 : 1 3/5*#§4807405341 P 96 

EP 0 323 2S2 A2 

FIG. 13 



73 




FIG. 14 

79 

65 87 y 




JROM HARAKENZO PAT, 



2007$ 1A19B (1)20: 34/H20 :13/XH§ 4807405341 P 97 



EP 0323252 A2 



FIG. 15 



T" 25 23 



FIG. 16 



> 

CO 
< 

CO 

3 

LU 
> 
LU 
O 

LU 

O 
LlJ 

LL 
LU 



-500 



-400 



-300 



-200 



-100 



0 





WHITE "n / 




BIAS POWER 




as= ^^ OUTPUT V0LTAGE_ 




BLACK >^ 



10 s 10 6 I0 7 I0 8 I0 9 io'° 
RESISTANCE VALUE Rl (A) 



2007$ im9B(i)20:34/120:13/Blt4807405341 P 98 

EP 0323 252 A2 

FIG. 17 



89 




| (LATENT IMAGE POTENTIAL) -(DEVELOPING BIAS)] (V) 



PROM HARAKENZO PAT. 



2007$ 1JH9B (I) 20: 34/1120: 13/^4807405341 P 99 



EP 0 323 252 A2 



FIG. 19 




FROM HARAKENZO PAT. 



2007$ lfll9B(ffl20:34/H20:13/Xlfi4807405341 PI 00 



BP 0323252 A2 



FIG. 21 



FIG. 22 




1.5 



>- 

69 ^ 1-0 
IMAGE ^ g 

UJ 

o 

< 0.15 
S 




0 500 1000 
TRANSFER BIAS (V) 



FIG. 23 



REVERSED POLARITY TONER 
RESIDUAL TONER 
13- 




FIG. 24 




Hi|M — \ 

N/C2 Vci 



FROM HARAKENZO PAT. 



2007f lfll9B(D 20:34/M20:13/XI^4807405341 P101 

EP 0323252 A2 



F IG 25 




F I 6. 26 



FROM HARAKENZO PAT. 



2007$ 1JU9B&) 20: 34/120 :13/*H§4807405341 PI 02 

EP 0323252 A2 



F IG. 27 

I | — 55 




FROM HARAKENZO PAT. 



2007* lfll9B^ 20:35/H20:13/ja«4807405341 PI 03 

EP 0323252 A2 



FIG. 29 




FROM HARAKENZO PAT. 2007$ lfll 9B(i)20: 35/120 :13/*Hf 4807405341 P104 

EP 0323252 A2 

FIG. 31 

(a) (b) 




(+) 
Vo 



(c) 



(+) 

Vo 
VD 



(d) 



FROM HARAKENZO PAT. 



2007$ (1) 20:35/1820:13/^4807405341 P105 



EP 0 323 252 A2 



FIG. 32 



(a) 



(b) 




(+) 



Vr 



EXPOSURE ON 
OFF 



(c) 



(+) 



Vb- 



Vo 



Ve 



v * 



EXPOSURE PART 



(d) 



(+) 
Vo 



VD- 



FROM HARAKENZO PAT. 



2007$ 1JJ19B (£) 20:35/1120: 13/^4807405341 PI 06 

EP 0 323252 A2 



FIG. 33 



21 




•FROM HARAKENZO PAT. 



2007$ ljjl9B($) 20: 35/1120 :13/»8§4807405341 PI 07 



EP 0323252 A2 



FIG. 34 



(a) 



(b) 



REVERSED 
POLARITY 
TONER 




(+) 



XVb 



Vr 



REVERSED 
POLARITY 
TONER 



EXPOSURE ON 
OFF 



(C) 



(+) 



Vb- 



Vo 



0 



Ve 



EXPOSURE PART 



(d) 



(+) 
Vo 



Ve 



NON-IMAGE PART 



•FROM HARAKENZO PAT. ■ 20071 1E19B&) 20: 35/1820 :13/^§4807405341 PI 08 

EP 0323252 A2 



FIG. 35 



FROM HARAKENZO PAT. 



2007$ lfll9B.(i) 20:35/II20:13/*if§4807405341 P109 



EP 0323252 A2 



FIG. 36 



(a) 



(b) 



21 



REVERSED 
POLARITY 
TONER 



13 



II 




EXPOSURE ON 
OFF 



(+) 



Vr 



REVERSED 
POLARITY 
TONER 

m es a® 



(0 



Vb- 



(+) 




Vo 
















0 








Ve 




r ' 






EXPOSURE PART 



(d) 



( + ) 
Vo 



VD-?r 



Ve 



NON-IMAGE PART 



.FROM HARAKENZO PAT. 2007$ lfll9B(D 20: 35/120 : 13/08 4807405341 PI 1 0 

EP 0 323 252 A2 



FIG. 37 



